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PREFACE TO THE NINTH EDITION 


Although the last edition of this book was published 
only three years ago, the changes in this edition are 
extensive. While minor alterations have been made in 
every section, many portions have been re-written and a 
large amount of new material has been introduced to bring 
the book up-to-date. 

The chapter on Maternity and Child Welfare and the 
monographs on Relapsing Fever, Typhus Fever, Beri-beri 
and Epidemic Dropsy have been entirely re-written. The 
chapters on Food and Diet in India have to a large extent 
been re-written and the recommendations of the League of 
Nations about energy requirements incorporated. 

Considering the importance of Mental Hygiene and the 
increasingly important part which mental defectiveness 
plays in the social and economic life of the people, two new 
chapters dealing with these subjects have been added. 

In the preparation of this edition I received generous 
help and hearty co-operation from many friends who are 
experts in their special fields, and it is with pleasure that 
I take this opportunity of expressing my thanks and 
appreciation to Major-General Sir John Megaw, K. C. I. E., 
formerly Director-General, Indian Medical Service, for 
re-writing the monographs on Relapsing Fever, Typhus 
Fever, Epidemic Dropsy and Beri-beri ; to Dr. Jean M. 
Orkney, W.M.S., Director, Maternity and Child Welfare 
Bureau, for re-writing the chapter on Maternity and Child 
Welfare ; to Lt. -Colonel Owen Berkley-Hill, M.D., I.M.S. 
(Rtd.), for writing the chapter on Mental Hygiene ; to Mr 
H. P. Maiti, M. A., Lecturer on Psychology, Calcutta 
University, for the chapter on Mental Hygiene and Mental 
Disorders ; to Dr. R. B. Lai, M.B.,B.S., D.P.H., D.T.M. & H., 
D.B., Ofiiciating Director, All-India Institute of Hygiene, 
for revising tlie chapter on Vital Statistics ; to Dr. H. E. C. 
Wilson, M. B., Ch. B., D. Sc., formerly Professor of Bio- 
chemistry and Nutrition, All-India Institute of Hygiene, 
for revising the articles on Food and Diet in India ; and 
to Sir Hassan Suhrawardy, O. B. B., M. D., LL. D., D. Sc., 
formerly Vice-Chancellor of the Calcutta University for 
much valuable help, assistance and advice. 

I am also grateful to Lt.-Colonel A.D. Stewart, C. I. E., 
to whom I owe a great deal for all his help in previous 
editions of this book. Since he has left India he was 
unable to give me the same close co-operation and assist- 
ance with the present volume. 

Since the first publication of this book about twenty-five 
years ago, it has undergone considerable changes and with 
each edition much of the old matter has been deleted and 
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new material introduced to keep the work abreast of the 
times. I gratefully acknowledge the ay)preciation which the 
book has received from the profession and trust that the 
same appreciation will be vouchsafed to it in future and 
that it will continue to maintain its position as a standard 
work for students and a book of reference for public health 
workers in the tropics. 


Calcutta 

September, 1938 B. N. (IHOSH 
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HYGIENE AND PUBLIC HEALTH 


INTRODUCTORY 

PREVENTIVE MEDICINE AND PUBLIC HEALTH 
ADMINISTRATION 

The science and art of medicine lias three sides : curative 
medicine, preventive medicine, and constructive or conserva- 
tive medicine, known as hygiene. All these three aspects 
should be regarded as an integral ])art of medicine and to 
separate curative medicine from preventive medicine takes 
away the unity of the science. Curative medicine, however, 
holds ail important place both amongst medical men and 
the laity. Our ultimate aim being prevention of disease, the 
importance of preventive medicine is being more appreciated 
with the advance of our knowledge of the causation and 
prevention of diseases. Sir George Newman has rightly 
observed, ‘‘It is not the event of death which we can 
escape but the incidence of avoidable invalidity and pre- 
mature death. It is the enlargement of life and the increase 
of human capacity, physical and mental, which we seek 
to ensure.’^ The idea that public health is solely a matter 
for sanitarians, municipalities or the health departments of 
the Government is fast disappearing, and it is more and 
more being realised that not only medical men hut every 
citizen are directly interested and intimately concerned in 
the preservation of the health and welfare not only of 
themselves but of the community as a whole. 

Health is not merely absence of disease. The concep- 
tion of health envisages the full development of physical, 
mental and spiritual powers with which an individual 
is endowed. In order to understand how disease is pre- 
vented it is necessary to have a clear conception of what 
disease is and how it is carried. In the earliest endeavours 
to explain and combat disease, disturbances of health were 
attributed to supernatural agencies, to deities and demons, 
to obscure occult influences, exercised by the stars, fairies, 
witches and the like ; and the restoration of health was 
sought by means of prayers and sacriJices, conjuration and 
exorcism, charms and spells. With the progress of our 
knowledge in biology, bacteriology and other allied branches 
of the science our conception of disease has broadened ; and 
since life is governed by biological laws, it is only by investi- 
gation and knowledge of life’s laws that we can hope to 
combat or avert the phenomena resulting from the interplay 
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of certain universal biological processes which we call 
disease. Modern research has shown that most of the 
diseases which are preventable are caused by some specilic 
organisms carried by different agencies. These may be air, 
water, or some other intermediaries, such as insects. The 
study of the life history of these pathogenic organisms has 
revealed the role which the various animal hosts play in 
harbouring, develoj)ing and transmitting them, and we 
have to take into account their life and activity in the 
animal as well as the human host. 8ince the nature and 
propagation of ditferent diseases ditt'er from one another, 
measures appropriate for their prevention must necessarily 
differ. Thus our knowledge regarding the spread of malaria 
will require measures (luite dilferent from those of cholera 
or plague. Inasmuch as impure air and water, pollution of 
soil, errors in diet, uncleanliness of the house and its 
surroundings, bad disposal of excretal matter, etc., play 
important parts in the spread of disease, it is necessary 
that these environmental factors should be carefully studied 
which are so essential for the health and welfare of the 
community. On the other hand the individual himself as an 
important unit of the community requires to be educated 
to enable him to appreciate the value of sanitation not only 
for his own health but also for the community in general. 

Death has been described as the soul changing its old 
and worn out body for a new one much in the same way 
that man changes his old garment. Whether we accept 
this view of life and death is a difierent matter, but it gives 
sufllicient evidence to contemplate that death is a natural 
phenomenon which should come in the fullness of years and 
is not necessarily an evil. Dissatisfaction with life is the 
outcome of individual or collective disappointment— -a 
disappointment to which disease has been responsible to a 
large extent. National fatalism is not the monopoly of the 
East. It has been bred everywhere on disappointment 
and prevalence of epidemic diseases. The ideal of preventive 
medicine is to help all men to live their natural span of 
biological existence by preventing premature death from 
disease which is so distressingly common in this country. 

The scope of preventive medicine is daily increasing, and 
the old maxim ^^prevention is better than cure’^ has been 
appreciated by the surgeon, and the development of aseptic 
surgery is an instance in point. Other practical applications 
of the knowledge in preventive medicine are the protection 
of the child before birth by taking such precautions as will 
enable it to be born healthy ; protection of the mother from 
the harmful effects of pregnancy and childbearing, and the 
protection of the child after birth by establishing mater- 
nity and child welfare centres ; limitation of birth for the 
health of the mother ; preservation of racial progress and 
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prevention of racial degeneration by following tlie principles 
of eugenics; taking such precautions as willpreventaccideiits 
or other occupational diseases ; production of artificial immu- 
nity for protection from diseases like small-pox, dij)htheria, 
enteric fever, cholera, etc. ; and adoption of such measures 
as will protect the community as a whole from water-borne 
and other communicable diseases. There are however certain 
obstacles to the universal ap])lication of sanitary measures. 
They are ignorance, indifierence, conservatism and the preju- 
dice against interference with personal liberty and comfort. 
These can only be got over by education, health ])ropaganda, 
co-operation and mutual understanding between the public, 
the health workers and medical men, and by studying the 
effects of public health activities in other countries. It 
will be interesting therefore to study the progress and deve- 
lopment of the public health administration and activities 
in other countries before we proceed with the consideration 
of the dilferent aspects of the sub ject in detail. 

At present the general medical practitioner in India has 
very little direct rclationshi{) with public health activities, 
but it is different in other countries. In England, for 
instance, the general practitioner has been brought very 
closely into relationship with many aspects of public health 
administration and health movements. But there is every 
possibility of rapid development of public health activities 
in India and in this the ordinary practitioner will likely be 
involved. It is therefore desirable find essential that the 
medical man in India should have some acquaintance with 
the growth find develo])ment of public health administration 
in other countries so that he may be able to ap))reciate how 
these have grown and devclo})ed and in what directions they 
are now progressing. In this way he will take a keener inter- 
est both in heli)ing to frame and to develop public health 
activities in India. 

It is strange that before 1830 there was practically no 
real interest taken by any state with regard to the ]>id)lic 
health. The growth of state relationship in public health 
is therefore of very recent origin. It will be useful to 
consider shortly the history of the development of public 
health administration in England, for it was in this country 
that the connection between the state and the people in 
public health started. Afterwards we shall describe briefly 
the position in India in the past and the present, and the 
probable future lines of development. 

Up to the end of the 18th century I^ngland was practi- 
cally a rural country as India is at present. About this 
time the invention of the steam engine and the aj^plication 
of steam power to machinery (specially the weaving machine) 
led to an industrial revolution as it is called. The weaving 
industry, which had been confined to hand looms in the 
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rural districts, became transferred to large machine driven 
factories. This resulted in the emigration of rural popula- 
tion to large rapidly growing towns which iip to that time 
had been very few. These grew rapidly without any 
preconceived system of water supply, disposal of excretal 
matter, or of housing. The conse(|ueuce was that they 
were exceedingly unhealthy, and infectious diseases rapidly 
spread amongst them and conditions of living were almost 
indescribably bad. The workers were housed in crowded 
rooms without regard for comfort, ventilation, or decency. 
There was no proper arrangement for water supply provided 
by the town, no system of disj)osal of refuse or excretal 
matter, conditions of working were terrible, young children, 
women and old men Avorked for twelve to thirteen hours a day 
for a mere pittance. The result was that cholera, typhus 
and other infectious diseases nourished. Death-rates were 
high and the average length of life extremely short. The atten- 
tion of the then Secretary of the Poor Law Board, Sir Edwin 
Chadwick was drawn to these conditions. He investigated and 
reported on the sanitary conditions of the labouring classes 
in England, and so vivid was his description that this report 
immediately attracted the attention of the Government 
authorities. Chadwick was convinced that these diseases 
were the outcome of the environment in which these people 
lived. His suggestions were simple. Rectify these defects, 
he said, provide good houses, good water supplies, good 
systems of excretal disposal, regulate conditions of labour 
and ensure good conditions for working, protect the labour- 
ing classes from the too selfish exploitation of the employer 
and things would be remedied. His opinion was streng- 
thened by the religious movement of John Wesley who 
preached for the hrst time the responsibility of one class 
of the community to another. Chadwick also suggested 
the machinery by which these suggestions could be carried 
out. lie said that in the Central Government there should 
be a department concerned with public health Avhich should 
directly supervise and if necessary compel local governing 
bodies to rectify matters in their area. These local bodies 
or local sanitary authorities, as they are called, would be 
directly responsible for carrying out improvements in their 
particular areas and for dealing Avith infectious diseases. 
These broad principles were accepted by the Government as 
the result of the Royal Commission which was held. The 
outcome Avas the passing of the Public Health Act of 1848. 
This Act created a Central Board of Health for live years to 
deal Avith local self-governing bodies and to give them 
advice. In 185;j the Act ha(l been applied to 182 places, 
but the .activities of the Central Board aroused great 
antagonism amongst the upper classes who felt their a ested 
interests were being affected. In 1854 the Central Board 
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Avas modified and its activity was curtailed in 1858. The 
Act was then passed only for one year. In 1855 Sir John 
Simon was appointed Medical Ofiicer to the Board and 
continued as such until 1869. From 1858 and till his retire- 
ment Sir John Simon’s reports on public health, cholera, 
tuberculosis, housing and industrial diseases, etc., greatly 
impressed both parliament and people, and it was due to his 
illuminating reports and tactful dealings Avith local bodies 
that the opposition to the activities of the Central Board 
was gradually broken down. In 1869 Sir John Simon 
realised that the time was opportune to review the whole 
question again. A Royal Commission Avas appointed to 
report on ^^The operation of sanitary law on the authorities 
botli Central and Local by Avhich sanitary law was adminis- 
tered.” The report of this Commission is noAv a classic and 
it was largely drawn up by Sir John Simon. Its recommend- 
ations were, (1) there should be a consideration of sanitary 
laws Avhich sliould be made uniform, universal and 
imperative throughout the kingdom ; (2) the constitution of a 
Central authority to administer Sanitary and Poor Law and 
in Avhich would be centralised all the various medical depart- 
ments under the Government ; (3) that in each area there 
should be one and one only local sanitary authority for 
carrying out its duties ; (1) that each local authority must 
appoint one medical ollicer of health and one sanitary ins- 
pector ; and (5) each district should be ins])ected by medical 
and engineering experts belonging to the central authority. 
Sir John Simon thus envisaged a de])artment in the Central 
(xovernment which should deal exclusively with all matters 
of public health, in other words a Ministry of Health presided 
over by member of the Government (the Minister of Health) 
who Avould be responsible to the elected legislature on the 
one hand and to the Government on the other. This ideal, 
however, did not appear at once. In 1871 a Local Govern- 
ment Board Avas formed. This Avas composed of the principal 
members of the cabinet and ])resided over by a president, 
and had a secretary, who togetlier as a matter of fact did all 
the work. Its medical staff had no direct access to the local 
authorities Avhich they Avere inspecting and advising but 
had to deal with them through the secretary and the 
president. Local authorities in the same way could not 
deal with tlie medical advisers of the Board directly. In the 
year 1875 Avas passed a Public Health Act Avhicli created 
one local authority in every sanitary area and embodied 
in its various sections the princij)les Avhich had been enun- 
ciated by Sir John Simon. This Act is the foundation of 
English Public Health and the principles enunciated in 
it are still fundamentally true. This Act at once led to 
tremendous improvement in the environmental conditions in 
the towns of P]ngland. Pure water supplies were provided. 
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disposal of excretal matter was immensely improved and 
rendered less dangerous, defects in houses and factories and 
food supplies were remedied. Despite the defects in the 
Local Government Board excellent work was carried out 
by the medical odicers of the Board. These defects were not 
remedied until 11)19 when a Ministry of Health Avas formed 
and the xMinister of Health took overall medical matters except 
medical education and research. The Chief Medical Oihcer of 
the Ministry of Health has direct access to the ^linister and 
the medical staff deal directly with local bodies in matters 
of health. This lias led to great improvement and smootli 
Avorking of public health administration in England. In 1929 
an important ijocal Government Act was passed which re- 
arranged the Local authorities and redistributed their duties ; 
no great change of ])rinciple was hoAvever involved. 

It Avill be seen that ('liadAvick’s original idea Avas that 
man’s environment determined his liealth. This is un- 
doubtedly true but it Avas not until afterihe discovery of the 
bacterial causation of disease by JTisteur and others that it 
was realised that there was another aspect of the (juestion. 
Attention noAv had to be directed to man himself as it Avas 
realised that he himself was the reservoir t)f his own diseases. 
This aspect Avhich may be termed the ^‘individual aspect” 
of public health as opposed to the “environmental aspect” 
is now the dominant note of public health activity in 
England. The State realises noAv that its duties do not 
cease in simply ])roA^iding good environment and in dealing 
Avith outbreaks of infectious diseases. It is now considered 
to be the duty of the state to see that every individual of 
the community is looked after from the very moment of his 
birth, or even before, throughout his whole life, and that 
he should get every op])ortunity to keej) good health. This 
may be termed a socialistic outlook, and so it is in the best 
sense. In England the state provides the machinery to 
look after an individual from the time before he is born to 
his old age. The pregnant Avoman, for instance, may go to 
an ante-natal clinic provided by the state, and get advice 
about herself and her unborn infant. In this Avay many 
diseases are avoided and healthy infants are born instead 
of diseased. If she is a Avorking Avoman she is not alloAved 
by the Factories Act to work for four Aveeks after her 
conlinement, and during tliis period she gets a benetit of 
thirty shillings from the National Insurance Act. At her 
conlinement she is attended by a midwife who must be 
trained and certified, and Avho should call a doctor in case 
of trouble. The birth of a child must be notified at once 
to the health visitor to visit the woman. The health visitor 
gives the Avoman advice about the upbringing and care of 
the child, and the necessity of breast feeding ; and explains 
to the mother the benefit of attending child Avelfare clinics 
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which exist in every district and town. These clinics are 
supported from Government funds. When the child goes 
to school he comes at once under tlie care of the School 
Medical Service. Three complete examinations of the child 
are made during his school career and careful watch on his 
health is kept both by the teacher and the school medical 
doctor, and by public health nurses. When the child after 
leaving school enters a workshop or factoiy, he comes 
under the operation of the National Insurance Act. When 
in ill-health, the worker is entitled to free medical atten- 
dance. The various I'actories Acts ensure that conditions 
of work are kept satisfactory and hours of labour are care- 
fully regulated. W omen ami children are forbidden to engage 
themselves in dangerous trades, and com])ensation is given for 
accidents and diseases which are the result of work. Special 
laws hav e been ])assed for the free treatment and prev ention 
of tuberculosis and of venereal diseases. Ih^asons afflicted 
with the lat ter are entitled to free diagnosis and treatment. 
When a man reaches the age of (>5, if he has not been able 
to provide himself with an income, he may be granted an 
old age pension. This illustrates some of the interests 
which the State now devotes to the ‘individual,” as well 
as to the environment. 

PuuLK' IlKAi/rii Administration^ in India 

The first real development in public health administra- 
tion in India took ])lace in 1851) when the administration 
of India was taken over from the I]ast India Company by 
the (h’ovvn. The heavy mortality of tlie European troops 
in India arrested the attention of the parliament in 
Ihigland. A Koyal Commission was sent to enquire into the 
reason of the heavy mortality amongst the military and 
civil population of India. In 18()i the mortality of the 
European army was 01) ])er 1000, in the Indian army 20 per 
1000. In civil jails tlie death-rate was between 81 and 120 
per 1 000. Tlie corresponding figures from 1010 to 1014 are : — 
Mortality 1.30 per 1000 for European army. 

Do 1.30 ,, „ for Indian army. 

Do 20 to 50 per thousand in civ il jails. 

The Royal Commission reported in 1803 and suggested 
the ap])ointment of “Sanitary Commissions” of five ])ersons 
in Bengal, Bombay and Madras. The Sanitary Commissions 
in Madras and Bengal then advised the immediate formation 
of Public Health Services. These proposals were laid aside 
for many years. The Madras Commissions, however, made 
considerable j>rogress in reducing mortality. In 1800 the 
Commissions were practically abolished, only the medical 
ofheer remaining, wlio was then styled “The Sanitary Com- 
missioner.” From this time onwards there have been con- 
siderable arguments regarding the position and relationship 



8 


HYGIENE AND PUBLIC HEALTH 


of the Sanitary Commissioners to the local head of the medi- 
cal department. Sometimes it was thought that the Sani- 
tary Commissioner should be a senior ofticer and independent, 
sometimes that he should be a junior officer under the head 
of the medical department. In 1904, however, it was agreed 
that the Sanitary Commissioner should be directly under 
Government and not under the Surgeon-General and should 
communicate his views directly to Government and not 
through any other medical official. As we have seen from 
the previous history in England, this is as it should be. 
There was perhaps litfcle real progress in sanitary administra- 
tion until the arrival of plague in 1896 in Bombay. Its 
ravages aroused every one in the country and the Government 
to a realisation of the defects in the sanitary administration 
and the necessity for some reconstruction. As a result of 
the Plague Commission, a separate Public Health Commis- 
sioner was appointed with the Government of India in ad- 
dition to the head of the Medical Department. His duties 
were mainly to advise the Government of India on sanitary 
matters and to direct research. At this time the Govern- 
ment of India had practically full control over provincial 
governments in public health matters. ' In 1912 a new 
department was created in the Government of India to 
deal with education and health. ICxtra stall was deputed 
to each province both for the extension of general and 
provincial sanitary staffis, and large grants were given to 
the local governments to assist in the development of this 
advance in policy. Twelve extra Deputy Sanitary Com- 
missioners were granted and thirtylive iirst and second class 
Health Officers for municipalities. The Government of 
India declared that while the general direction of a policy 
of public health must remain with the Central Government, 
detailed control and executive action should be left to Local 
Governments. This was the position prior to the Eeforms 
Act of 1919. 

The Provincial Governments were given advice and 
grants of money to increase the staff, both central and 
local, and were encouraged to advance along the same 
lines. In Bengal, Health Officers were appointed in 
districts and health officers and sanitary inspectors in the 
municipalities. The Health Officers of districts and of muni- 
cipalities are not Government servants but the servants 
of the local bodies who employ them, though the Government 
pays part of their salaries. In other provinces District 
Health Officers are j)rovincialised and are government 
servants, and are lent to district boards and municipalities 
and may be transferred from place to place as Govern- 
ment think fit. The English system is similar to that 
in Bengal and is of course the most logical. It is however 
open to argument as to which system suits best the Indian 
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interests in the present juncture. In 1919 the Eeform& 
Act entirely changed these relationships. Public Health 
became a transferred i)rovincial subject under the control 
of an elected Minister. The Government of India gave ui> 
all right of interference or direction in provincial j)ublic 
health affairs, and reserved to itself only a few matters, such 
as quarantine, and pilgrim traflic, and international health 
relationships outside India. Each province has, therefore,, 
been left to develop its own policy of public health and 
neither the Government of India nor any other province 
has the right to interfere in any way. There has been very 
little consultation between provinces since 1919, and there 
is no doubt that the loss of co-ordinating policy is probably 
detrimental to the develoj^ment of public health in India 
as a whole. The Simon Commission has made a note 
on this point, and in Volume I has recommended that 
whatever form of system of Government sliould eventuate 
within the next few years, there should be a strong Central 
Board of Health which Avould co-ordinate public health 
matters throughout tlie whole of India, The report makes 
no specilic recommendation as to the form and composition 
that this Board should take, but there is no doubt that 
their proposal is a wise one. 

The present system of Government of India approaches 
in form the Federal System of the United States of America, 
the Union of South Africa, the Commonwealth of AuwStralia, 
and the Dominion of Canada. The study of the systems of 
public health administration in these countries is interest- 
ing, as it Avould appear probable that the form, the Govern- 
ment of India is bound to take, will at least resemble a fede- 
ral system. The duties of the Federal Department of Public 
Health of U. S. A. are, (1) the protection of United States 
from the introduction of disease from Avithout and preven- 
tion of interstate spread, the suppression of epidemics, 
the investigation of disease, and the dissemination of 
health information ; (2) it also su])erAdses the manufacture 
of biological products and co-operates generally with the 
State and Local Health Departments in assisting and giving 
advice in health matters. The accomplishments of the 
Federal Public Health Service are many and A^arious. It 
is an admirable example of Governmental usefulness. The 
Federal Health Departments of Canada, Australia and 
Africa practically carry out the same duties. It Avill 
appear that the present is a suitable time for the serious 
study of this important question Avhen great changes are 
likely to take place in the constitution of India. 

An important step forward has been taken towards the 
co-ordination of public health activities throughout India 
by the establishment of a Central Advisory Board of Health. 
With the reduction of distance brought about by improA ed 
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means of communication, the risk of the transmission of the 
different diseases is becoming greater and greater, while in 
the absence of a central co-ordinating agency, provincial 
bounderies are apt to become barriers to the free flow of 
knowledge and experience. The dift'erent Indian Provinces 
constitute collectively a coinj)act geograpliical unit and are 
faced with a number of healtli j)rob]eins of common interest. 
Interprovincial regulations for the control of epidemic 
diseases, the sanitary aspect of pilgrimages,industrialhygiene, 
the drug habit, venereal diseases, and maternify and child 
welfare are a few examples of such (luestions. The Board 
will ])rovide for an organisation for collective deliberation 
on matters of common interest but it will not in any way 
impinge on the freedom of the local (lovernments in the public 
health administration. Before the Public Health became a 
provincial transferred sid>ject, the Government of India 
occasionally (mnvened conferences of public health and 
medical experts. In lOUl they set up a Central Health 
Board composed of experts to advise the Central and Pro- 
vincial Governments on technical juatters which these 
Governments might refer to it. No pi ovision was made for 
consultation between those responsible 'for medical and 
sanitary policy in the Governmeiit of India and in local 
Governments and the Board after one meeting came to an 
end, owing to flnancial stringency, in 1023. 

The need for periodical consultation in the framing of 
common policies and for the intercliange of information, the 
result of varying experience, is greater to-day than ever 
before. Neither tlie Government of India nor the Provincial 
Governments can adequately fulfll their res])onsibilities in 
the domain of public health without taking counsel with one 
another from time to time. 

The functions of the Central Advisory Board are : — 

(a) To act as Central Information Bureau on all })ublic 
health matters affecting India and as a clearing house for 
such information ; 

{h) to advise on any matters referred to it by the (ventral 
or by the Provincial Governments; and 

(c) to make suggestions to Government on any matters 
affecting public health in India to which the Board considers 
that the Government’s attention should be drawn. 

The Board will consist of the following : — 

(a) Chairman, the Honourable Member in charge of the 
Department of Education, Health and Land ; (/>) Members, 
representatives of the Gov^ernment of India not exceeding 
three; (c) a representative of each local Government who 
shall either be the Minister in charge of Public liealth 
<or his Deputy) or the Director of Public Health (or his 
Deputy) ; (d) one member elected by the Council of State ; 
{e) two members elected by the Legislative Assembly ; 
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(/’) a representative of the Railways in India ; {g) ex-oflicio 
Secretary and Member: the Public Health Commissioner 
with the Government of India. 

A word may be said about provincial health systems of 
administration. At present the portfolio of Public Health 
is in the hands of one of the elected ministers who is a member 
of Government. Public Health is a part of the department 
of Ijocal Self Government for which there is a permanent 
Secretary, usually a member of the I. C. S. I^he medical 
department is administered by the Surgeon-General. In the 
Public Health Department, the J)irector of Public Health 
has a stall of Assistant Directors in charge of various sec- 
tions. Matters of health are dealt with by the Minister 
who deals through the Secretary with the Director ot Public 
Health. We have seen in England how clearly the 
relationship between the Ministry of Health and the Local 
Sanitary Authorities are detined. In Indian provinces 
relationships and duties of the Public Health r)ei)artment 
on the one hand and of Local Sanitary .Vuthorities on the 
other are indelinite. Local Sanitary Authorities are often 
under the impression that every thing should be done by 
irovernment agency, while Government, whatever may be 
their opinion, have not the power bylaw to insist on Local 
Sanitary Authorities carrying out specilic sanitary measures 
or improvements. Most provinces are (piite aware 
of this fact but have not yet considered the time 
opportune to handle the matter so definitely as was done in 
England in l<S7r). There are various reasons. In the first 
place most of the population, in fact over 90 per cent., is 
rural, and one knows by experience in England that it is 
more diOicult to make advances in sanitation in rural 
areas than in towns where people congregate together 
and common water supplies and excretal disposal systems 
can be installed. Most district boards and munici])alities 
have not too much money to spend and there is little use 
in passing too much mandatory or compuslory legislation 
which could not be carried out. 

The activities of public health administration and some 
of its achievements liave been indicated, and it is hoped 
that not only medical men but the general public will 
take a keener interest in the improvement of health. As we 
have noted before many of the great developments of public 
health policy in England were not introduced by medical 
men, and public health is a far greater subject for states- 
manship than many other political <|uestions which now 
loom large in the public eye. 

The supreme importance of an educated and enlightened 
])ublic opinion in matters of health and hygiene has always 
l)een recognised by all the public health authorities. Sir 
George Newman says, “The object of an enlightened public 
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opinion in regard to preventive medicine is threefold : — (1) 
It teaches how to secure and preserve personal health ; (2) 
it teaches how to avoid disease ; and (3) it teaches the 
community how best to give its assent to sanitary reform 
and its consent to sanitary government. The introduction 
of the Ministry of Health means not only an increased 
intervention by the State, the betterment of the environment, 
a higher degree of co-ordination of national and municipal 
agencies, but a further factor in some way more important 
than all thesCj namely, a slow emergence of an educated 
community and an enlightened opinion’\ If this be true of 
an advanced country like Great Britain, how much more 
is it necessary for the mass in India with their strong 
fatalism and their deep-rooted conservatism before any 
progress in the lield of public health can be achieved. 

People do not live healthy lives because they lack 
knowledge, and for knowledge to filter through an ignorant 
mass is a very slow process. It is almost a super-human 
task to rouse the ‘‘sanitary conscience’’ of a conservative 
people, but insurmountable though it may appear, signs are 
not wanting to show that they are realising the benefits of 
the educative health propaganda. 

INTKRNATIONAL HEALTH EeLATJONSUIPS OE INDIA 

With the growth of communication by sea and air the 
risk of importing infectious diseases from abroad and of 
transferring such diseases to other countries especially tu 
Europe and America hav^e become more acute. Indeed with 
the speeding u]) of communications the world has become 
much smaller from the point of view of inter-communication. 
Diseases like plague, small-pox and cholera were freely 
disseminated by trade ships. Within recent years the first 
outbreak of plague in Bombay was introduced through trade 
routes from China. It was therefore recognised that some 
concerted action by the interested nations was desirable and 
it has been the custom of dilferent Governments interested 
to frame rules by mutual agreement to control the dilferent 
communicable diseases, and from 1851 onwards Inter- 
national Sanitary Congresses were held, and since 1907 
International Sanitary Conventions have been agreed to by 
most countries. The Convention has made certain rules 
which have a world significance for the control of diseases 
like cholera, small-pox, plague, yellow fever, typhus, etc. 
In 1920 the Convention met at Paris and delegated to the 
Office International d’llygiene Publique the duties of 
supervision of the international measures of (quarantine 
under the direction of its Permanent Committee. After the 
war the League of Nations was formed which again estab- 
lished a Health Committee, an advisory body without any 
executive authority, but which works in close association 
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with the Office of the International d’Hygiene Publique. 
The Health Section of the League is now an important body 
and is helping solution of the many important problems Avith 
its different Committees and Commissions. At Singapore 
it has an Eastern Bureau to collect information of infectious 
diseases from different Eastern i)orts Avhich is Aveekly broad- 
casted to enable every country, sj)ecially all the ships on 
the Eastern waters, to be acquainted of the existence of 
infectious diseases in the ports or ships. 

Within recent years facilities of air travel have made it 
possible for j^ersons to land in uninfected countries while 
incubating infections contracted in an infected country. 
There is also the possibility of carrying infected mosquitoes 
to places where such infections are unknown. To combat 
such inventualitics an international Hanitary Convention 
for Aerial Navigation has recently been signed by several 
countries situated on aerial high roads. The Permanent 
(Committee of the l^aris Office in October, 1933 decided to 
appoint a Standing Commission to be known as Aerial 
Navigation Quarantine Commission, whose duties will be to 
examine the various questions which have arisen and Avill 
from time to time arise, in connection with aerial navigation 
and public health, with the interpretation of the Convention 
generally, and its application to local circumstances. The 
Standing Commission will work in close liaison Avith the 
International Commission for Aerial Navigation (established 
by the International Convention of the 12th October, 1919) 
Avhich controls civil aviation generally. The reports of the 
Standing Commission of the Paris Office after having been 
approved by the Permanent Committee, will be communi- 
cated to Governments at the same time as those of the 
Standing Quarantine Commission. 



CHAPTEK I 


WATER 

Water, though not strictly speaking a food, is absolutely 
necessary for the maintenance of life, both animal and 
vegetable. It is mainly used as a solvent and diluent in 
the human economy, but for these purposes only a small 
quantity would suffice. With the progress of civilisation, 
however, the demand for water has considerably increased 
and it is now required for : — 

1. Domestic use for the following purposes : — 

(a) As food for building up the tissues of the body, 
maintaining the fluidity of the blood, and heli)ing 
in the excretion of waste matfers. 

(h) Cooking and washing. 

(c) Personal cleanliness. 

2. Municipal and trade purposes : — 

(a) Eoad watering. ^ 

(b) Drain flushing in the water-carriage system of 
sewage disi)osal. 

8. Washing stables and carriages, and for animals. 

Quantity of Water Required. The amount of water 
required daily for domestic use varies greatly, and depends 
mainly on the habits of the people and the particular sanitary 
arrangements of the place. From a sanitary standpoint 
one should encourage a free use of water and at the same 
time discourage unnecessary waste. For modern requirements 
of health and cleanliness a sullicient amount of water is 
of the utmost value. The quantity of water required has 
been variously estimated by different observers. Farkes and 
Kenwood give the following as the daily allowance for all 


I)urposes : — 

Gallons 
I)er head 

' Fluids as drink ... ... 0.35 

Cooking ... ... ... 0.05 

Ablution ... ... ... 8.00 

Household j Utensil and house washing ... 3.00 

Laundry washing ... ... 3.00 

I Water-closets ... ... 5.00 

Trade and manufacturing ... ... ... 5.00 

/ Watering streets, public baths, \ 

Municipal ] fountains, flushing sewers, [ 5 OO 

( and extinguishing fires j 

Total ... 30.00 


In hospitals 40 to 50 gallons per head must be supplied 
daily. In Calcutta the daily allowance of filtered water 
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per liead is 45.7 gallons ; unfiltered water being used for 
lliishing water-closets, drains, etc. Other Indian cities allot 
less. In small municipal towns about five gallons per head 
is the minimum quantity alloted for drinking and domestic 
use. Of the British towns (Ilasgow supplies 58 gallons, 
London 37, Manchester 3G, and Edinburgh 50 gallons per 
head. Some American cities are more liberal or more waste- 
ful and receive J 00 to 200 gallons per day per head. 

A horse recpiires about 15 gallons and a cow 12 gallons 
per day. This amount, however, varies with the season and 
the size of the animal. 

A most important factor in the supply of pure water in 
a large city is the prevention of waste. Although a cer- 
tain amount of wjistage is unavoidable, the greater part 
of it is preventable. The principal causes of this waste are 
(n) faulty mains and service pipes ; (/>) leakage from stop 
cocks and other defective iittings in the house ; (c) storing 
water in reservoirs, etc., for daily use and throwing away 
the same every day ; ami (d) allowing the water to run at 
night or when not recjuired. In order to regulate the supply 
and consumption of filtered water and to i)revent unnecessary 
waste, water meters are sometimes used. But the restric- 
tion makes ])eople less clean in their habits, and encourages 
the use of unllltered water, which is dangerous in tropical 
countries being too often polluted with specific organisms.- 

8ouR(n<:s OF Water 

All water is primarily derived from the ocean, and in 
tropical regions the evaporation of water into the air is 
very great, and it ha^ been estimated that about 700 gallons 
are evaporated every minute from each square mile of ocean 
surface. Winds blowing over a large expanse of water 
become laden with moisture, and as soon as the cooling 
effect is produced by a lower temperature, it returns to the 
earth as rain, snow, dew, mist or hail. It follows, therefore, 
that the condensed water from the air is the ultimate source 
of all our natural water-supply. But the following are the 
common direct sources : — 

Rain Water. — Rain is the purest water which occurs 
in nature. On reaching the surface of the earth part 
of it is evaporated, part ffoAvs to form rivers, etc., and helps 
to feed tanks and lakes, Avhile the rest percolates into the 
soil until it reaches an impervious layer where it either 
remains in the porous strata overlying the impervious layer, 
or may travel laterally till it reaches the surface as springs. 
Its purity however does not remain, as it receives impurities 
from the air or from the surface upon which it falls. It 
absorbs gases and takes up dirt from the lower regions of 
the atmosphere. Thus it may contain nitrogen, oxygen 
and carbonic acid ; and near the sea, common salt and 
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sulphate ; and in towns ammonia, acids, dust, soot, sus- 
pended matter, and even microbes. 

In many countries rain water is tlie only source of water- 
supply, and therefore it requires to be collected and stored in 
underground tanks or reservoirs with proper j)recautions 
for drinking purposes. A well-known example is the eastern 
face of the rock of Gibraltar. When collected from the surface 
of the ground the area should be especially constructed 
for the purpose and rendered imi)ervious by cementing. 
When collected from the roofs of houses the first portion 
is usually dirty, as it generally contains animal matters 
from the excreta of birds, street dust, eggs of insects, 
soot, etc., and should therefore be thrown away. By tixing 
^^Koberts’ Rain Water Separator” on the rain water pipe, 
the latter portion of rain water can be collected, as it 
allows the tirst portion to run to waste. 

Although rain water may receive impurities before 
it reaches the earth, these are of little importance since 
they are not pathogenic like cholera and enteric germs. 
But after it falls on the earth it is for all practical purposes 
a surface water with all its dangers, unless of course it is 
collected and stored with proper precautions, when it can 
be used for drinking purposes. Rain water is very soft 
owing to the absence of salts of lime and magnesia, and is 
therefore suitable for cooking, washing, and bathing pur- 
poses. It is insipid and not very pleasant to take unless 
aerated. In the tropics Aedes (Stecfomyia) ceriypti breeds 
by preference in artillcial cisterns holding rain water. 

The amount of rain is measured by a rain (jatuje (q. v.). 
and is expressed in inches of depth. A rainfall of 1 inch 
in depth corresponds to about 4.673 gallons on a scpiare 
yard, or 22,617 gallons (101 tons) on each acre. 

In estimating the annual yield of water from rainfall 
and the yield at any particular time, we must know the 
maximum annual rainfall, the minimum, the average, and 
the period of the year when it falls, and the length of 
the rainless season. 

When rain water reaches the ground and joins on 
its way a river or other collection of Avater it is then 
known as surface water . In fact water from rivers, lakes 
tanks, etc. is surface water. The classihcation however 
is arbitrary as there is no marked line of demarcation 
between rain, surface and ground water, as rain water soon 
becomes surface water, and surface Avater when it passes 
into the ground becomes subsoil Avater, which again re- 
appears in streams, lakes, etc. 

Ground Water 

Springs. — These are formed when for some reason the 
ground water is made to overflow upon the surface. Rain 
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water falling upon the surface of the earth gradually 
pasvsevs down through the soil to varying depths until it 
reaches the impervious layer where it accuinulates as 
subsoil or (jround miter. Beneath tlie pervious rock there 
is always at a greater or lesser depth a stratum of an 
impervious character wliich holds up the water. The 
surface of this stratum is sloping, and tlie water runs along 
this until the impervious stratum reaches tJie surface of the 
soil, where it issues as a spring. Springs therefore may be 
regarded as natural wells outcropping Avhere the geological 
formation is favourable. 

Springs are of the following kinds : — 

(a) Surface Springs originate from ])ercolation of water 
through beds of sand or gravel overlying an impervious 
stratum, and in fact are outlets of limited collections of 
subsoil water. They arc often intermittent, ceasing to 
how in summer (April to September) and starting again 
in autumn (October) after percolation has commenced. 

(It) Mam Springs are deep-seated sj)rings having no 
surface outlet, but issue through a crack or lissure in the 
soil. They usually give continuous supply with certain 
variations during the different periods of tlie year. 

(c) Intermittent Springs are usually found in valleys 
bounded by rivers and high hills. The How depends on the 
amount of rain and subsoil water. 

(d) Hot or Thermal Springs . — Where volcanic erup- 
tions have ceased evidence of high internal temperature 
is often to be found in springs which continue to maintain 
their heat even for centuries. Thermal springs are not 
contlned to volcanic districts alone ; they may arise even 
in places hundreds of miles aw ay from any active volcanic 
vent. As instances of this kind may be mentioned the 
Sitakoond Spring in India, and the liot springs of Bath and 
Buxton in England. 

Springs afford good sources of water-supply for small 
communities. The water-supply of Kurseong is from a 
spring and throughout the dry weather the water-su})ply of 
liarjeeling is from the sjirings. Spring water, as a rule, 
is pure, and since no mechanical means are necessary to 
draw the water it is less liable to contamination. The 
greater the degree of percolation tlie water undergoes, the 
more perfect is the filtration and more clear and bright 
does it become. It is generally cool and palatable. But 
the character of the water in different springs differs. It 
is highly charged with carbonic acid gas obtained from the 
ground air ; aided by this and increased pressure it dissolves 
out lime and various mineral salts contained in the soil 
through wdiich it passes, consequently it is hard and less 
suited for washing and cooking, although it may be valuable 
for medicinal purposes. 

2 
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Springs are also liable to contamination at the point of 
issue ; therefore if the water is used for drinking purposes 
they require to be protected. Thus a leaky cesspool above 
a spring may contaminate the water directly. Stables, 
privies, etc., should be located at a considerable distance. 
The spring should be protected by a concrete wall which 
should extend Avell into the ground and thus ])rotect pollu- 
tion from surface washings. The surface water which would 
otherwise pollute spring water should be carried away by 
a specially constructed drain. 

Yield of a spring . — This is estimated by taking a 
vessel of known capacity and observing how long it takes the 
spring to till it up. The out])ut of the spring in one hour 
can thus be determined, and as the allowance per head is 
known the total quantity required is calculated. 

Wells. -A well is an artilicial pit or hole sunk into 
the earth to reach the water level into which the subsoil 
water percolates. Wells form an iin])ortant source of 
water-supi)ly in Indian villages. Formerly they were in 
use in certain towns also, but have now been abolished 
in favour of a public water-supply wliich has been introduced 
in most towns. ' 

Dug wells have been sunk in search of underground 
water very far back in the history of India. Some, specially 
in Rajputana, and the Western semi-desert regions, are of 
line masonry construction and several, where the water level 
is low, have been sunk to the de])th of about oOd ft. 

There are three kinds of wells : — 

(a) Shallow or surface^, wells. 

(h) Deep wells. 

(c) Artesian wells. 

(a) Shallow Wells. — Wells which tap the subsoil water 
only are known as Shallotv Wells. The water of all shallow 
wells is therefore often contaminated. Moreover if the soil 
be of a porous nature the impurities will percolate into the 
well, and although the soil is able to remove a certain amount 
of these at the beginning, eventually the liltering power 
is lost and the sewage gets into the well and the water be- 
comes dangerously polluted. 

Before a well is dug its location should be carefully 
considered, taking into account the surface configuration, 
the nature of the soil, and any sources of pollution within at 
least fifty feet. 

By properly constructing the wells the possibility of con- 
tamination may be minimised. There should be a parapet 
wall of about two feet above the level of the ground to 
prevent surface washings from entering the well. Unless the 
well is covered, the upper part of this wall should be made 
sloping from above downwards and outwards to i)revent 
vessels, etc., from being placed on it. All wells for public use 
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should be protected by a cover, and the water drawn by 
means of a hand pump, which should be fixed either on the 
platform or on the parapet wall. (See Fig. 1.). 

Norlands Ahijssinian Tube Wells are used when a tem- 
porary supply is wanted. These are really shallow wells 
formed by driving iron tubes or pipes generally to 2 inches 
in diameter into the soil, and are usually 20 ft. to 25 ft. deep. 
To construct one, a hole is made in the soil about 4 ft. to 5 ft. 
<leep, and the first part of the tube which has a perforated 
steel point at its lower end is hammered into the ground by a 
wooden maul. Successive lengths of tubes are driven into the 
soil, one length being screwed on to the other. When the 
subsoil water is reached a pump is fixed and the first portion 
of water is drawn out till clear water is available. 

These wells are more suitable where the distance of the 
water from the surface of the ground is not more than a few 
feet. They can be bored in gravel, chalk, and other water- 
bearing strata, but the sandy bed of an old river is an ideal 
])lace. 

The top of these wells also requires to be protected in the 
same way as described under shallow wells to prevent 
polluted water from gaining entrance into the water down 
the sides of the pipe. As the water is drawn by a pump the 
water is free from most of the dangers of the open wells. 
These wells are specially useful in villages, isolated houses 
and camps. They are usually overworked beyond their critical 
velocity (see page 24). 

(h) Bee/) Wells, — Deep wells are those which pass through 
superficial porous bed and the underlying impervious stratum 
to reach the water-bearing strata. The casing of these wells 
should also be made of some impermeable material as des- 
cribed under shallow wells and should extend as deeply into 
the well as possible, or down to the level of the impervious 
stratum to prevent mixing of subsoil water. 

Deep wells as a rule atl’ord a good supply of water on 
account of the efiicient filtration the water undergoes by 
travelling a long distance since it fell on the earth. The 
water of these wells is free from organic impurities ; but in- 
organic impurities are sometimes common Avhich render the 
water unfit for domestic purposes. It may also contain an 
excess of lime and common salt. They are, however, exposed 
to contamination from surface washings and other sources as 
in the case of surface wells, specially when they are sunk in a 
pervious stratum like chalk or sandstone. If the purity of 
the water is to be maintained these wells should be construc- 
ted and protected in the same way as surface wells. 

(c) Artesian Wells . — These are formed when a boring 
taps the water in a pervious layer lying between two imper- 
vious ones — the pervious layer having its outcrop on the 
surface at a much higher level than the point where the hole 
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is made. The water when so taj^ped will avail itself of this 
artilicial channel and will rise or even gush out above the 
ground. They are so called after the old province of Artois 
in France where they have been in use for a long time. 

Artesian areas of any magnitude are lacking in India. In 
the Pondichery and South Arcot districts artesian water is 
met with in the alluvial deposits, as also in some of the 
alluvial tracts of Sylhet (Assam). Deep tube-wells are really 
artesian wells. 

Area drained by a Well. — This is usually about four 
times the depth of the well and may be even more. lioughly, 
a well drains an area around it which may be regarded as 
an inverted cone the apex being represented by the bottom 
of the Avell. This drained area is popularly known as the 
“cone of liltration”. If a shallow well be hard pumj)ed the 
distance drained may exceed the above area. It follows, 
therefore, that if there be any source of pollution Avithin 
this area, contamination Avill inevitably occur. This drain- 
ing Avill depend on the nature of the soil and the amount of 
depression of the water-level due to pumping. Care should 
therefore be taken to select a site Avhere any such contami- 
nation is impossible, and the distance of the Avell from such 
polluting source should be 10(1 to 100 times the difference 
in the level of the water in the Avell that might possibly 
be produced by hard pumping. 

Sources of Pollution. — The chief source of pollution of 
the Avater in Avells is from the surface Avashings. Under ordi- 
nary circumstances the soil has sufficient Altering power to 
protect the Avater, except Avhen it is overburdened with 
organic matter, Avhen the possibility of the soil acting as a 
filter becomes less. This happens more frequently Avith 
shallow wells which are often situated close to open drains, 
privies and other collections of filth so that pollution may 
occur by percolation, or by establishing direct connection 
after a sudden rise of the subsoil water. Cracks and fissures 
may exist in the soil or subsoil, or there may be rat holes ; 
these Avill allow impurities to get into the Avell Avithout 
passing through the process of biological filtration. Trees 
often grow at the edge, plants sprout from the lining, 
and dead leaves fall and rot in the Avater, while birds build 
nests in the crevices. Unless fitted with a pump, every user 
brings his own vessel and rope for drawing water and the 
rope in the intervals of duty may tether a coav or lie in some 
dirty corner. 

Detection of the source of pollution is often necessary 
and is of much practical value. This is done by introducing 
certain chemicals which may be recognised by their taste, 
colour, smell and other chemical properties into the drains, 
cesspools or other supposed sources of mischief. Certain 
dyes, especially fluorescein, when dissolved in alcohol and 
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diluted with 5 p.c. solution of aminonia, can be detected by 
a iluoroscope in dilutions of 1 in 2,000,000. Salts of lithium 
are also employed. Their presence even in minute quantities 
may be detected by the aid of a spectroscope. Sometimes 
cultures of B. prodigiosus, yeasts and other micro-organisms, 
unless normally present in water under examination, are 
poured into supposed sources of pollution, and the water 
examined at dilferent intervals for the presence of these 
organisms. 

A highly contaminated water sometimes becomes clear 
and deprived of its suspended organic matter during its 
passage to a shallow well. The appearance of the water 
under such conditions becomes deceptive, but nevertheless 
it retains its dangerous properties. 

Examination of Wells. — This is often necessary, and 
the folloAving points should be noted : — 

(a) Any source of })ollution within 200 to 800 ft. of the well. 

(h) Whether any adequate or proper coating lines the 
sides of the well, or whether there are cracks or fissures 
on the sides. 

(r) Depth and size of the well. The bigger the well the 
better is the water. 

(d) Depth of the water in the well. 

(e) Nature of the soil in which the well is sunk. 

(/') Purposes for which the well is used. 

(//) Average quantity of water daily drawn. 

(//) Habits of the ])eople using it, /.c., whether people 
bathe or wash near it. 

(/) The way in which waste water is disposed of. 

(/) Whether there has been any recent rain, if so, its 
prot(5ction from surface contamination. 

(/r) The way the wat(u* is draAvn, Avhethcr by i)ump 
or by rope and hucket. 

'fhe 1 field of Avater from a Avell can be determined by 
])umping out water to a certain ICA^el and noting the length 
of time it recjuires to regain its original level. 

VV^ells vary greatly in diameter and depth. It is rather 
ditlicult to estimate accurately the amount of water in a 
Avell, but the folloAving formula gives an approximate idea 
of the ([uantity of Avater in a Avell in gallons : — 

D^ X W X 5 = number of gallons of aa ater in a well. 

D === diameter of Avell in feet. 

W ^ depth of Avater in feet. 

Thus to find out the number of gallons of AA ater in a Avell 
() feet in diameter Avith 10 feet of w ater. 

()2 X 10 X 5 = 1,800 gallons. 

Requirements of a Good Well. -I. It sliouhl ahvays be 
sunk in a good soil. 

2. The site should be high to prevent entrance of flood 
Avater. 
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3. The casing of the well should be made of solid brick 
work and lined with cement about 1 in. thick, and the water 
should come only from the bottom. If the well is lined with 
earthen-ware or stone-ware rings tlie joints should be made 
water-tight Avith cement. The outer surface between the 
casing and the earth should be thoroughly rammed in with 
puddled clay to prevent the admission of surface water into 
the well (see Fig. 1). 

4. The area round the mouth of the well to about six 
feet should be made water-tight with reinforced concrete 
with a cement surface, to form an impervious ])latforin, and 
properly drained beyond what is known as the cone of 

liltration. The platform 
should he sloping all 
round with a channelled 
drain leading to a ])ucca 
drain which carries the 
spilt water to a distance. 

5. The Avell should 
be provided with either a 
pump, 04’ a special bucket 
and chain or rope, and 
no other vessel should 
be used for drawing u]) 
water. 

(>. All rat holes, hol- 
lows, and foul tanks near 
about should be tilled up 
and adjoining trees cut 
down. 

7. The to]) of every 
well should have a suit- 
able covering. To faci- 
litate cleansing climbing 
hooks should be tixed to 
the wall during construc- 
tion. 



Fig. 1.— a Fropekly Protected Well. 

A, Cluinmdlcd drain; B, Platt’onn; I >. 
Eenicnt linin*;; F, iaickwork ; F, 
Puddled clay ; (J, Pump. 


8. It should be at a considerable distance (250 ft.) from 
any sewage farm, open drain, trenching ground, or any source 
of pollution, and at a reasonable distance (80 to 100 ft.) from 
any human habitation or husfee. 

Cleansing of Wells.— All wells must be dewatered and 
thoroughly cleansed at least once a year. This is best done 
at the close of the hot season when the water is at its lowest 
level. The water of a well which has neitlier been used nor 
cleansed for some time contains a large amount of organic 
matter, and should therefore be cleansed before using. 
Cleansing is done by scraping the sides and removing all 
mud and rubbish which block the pores at the bottom of the 
well. The sides and the bottom should then be treated with 
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a solution of one part of freshly made slaked lime to four 
parts of water. 

Deep Tube- wells.— The modern tube- well is a very recent 
introduction, the first development of comparatively large 
tube-wells in the Punjab taking place about 25 to 30 years 
ago by the introduction of Brownie and Ashford strainer. 
The first tube-well sunk in Calcutta, and possibly in Bengal, 
was in 1914. As compared with other countries the tube- 
wells in India are of very shalloAv construction, the average 
depth being about 350 ft. They are now extensively used 
for the Municipal water supply and also for irrigation pur- 
poses. Many places are supplied direct from these wells. 
The average yield of these wells varies from 200 to 300 
gallons of water per hour from a well of 1 in. to Ig-in. in 
diameter to 00,000 to 70,000 gallons per hour from wells of 
9-in. diameter. Twelve inches diameter wells sunk in the 
chalk in the outskirts of London have yielded supplies of up 
to 150,000 gallons per hour. But the yield of these wells is 
not so much dependent upon the diameter and depth as upon 
the water bearing strata. The 
knowledge of the strata there- 
fore j)lays an important part in 
the successful completion of 
the underground supply water 
schemes. 

Many town supplies are now 
obtained from these tube-wells 
as these wells can be relied upon 
to yield supplies of good water, 
which if carefully distributed and 
protected can also supply bac- 
teriologically pure water. 

The water obtained from these 
tube- wells is, as a rule, free 
from bacteria. Thus the water 
from some of the wells does not 
show ficcal bacilli in (JO c.c., while 
others show evidences of fa‘.cal 
contamination. The water is 
hard from the presence of calcium 
carbonate, and contains sodium 
chloride in variable quantity, tho. 2 .— Rokino op TiruK Well 
traces of iron, and a large amount B, derrick; (\ cutter; W , hollow 
of (X)2. It contains small amount of cutter through which 

ol oxygen and very little organic coiiuectiori with pump, 
matter. Chemically these tube- 

well waters usually contain a greater proportion of dissolved 
salts and minerals than surface waters. The greater the 
depth from which the water has been obtained the most 
likely is it that the mineral content will be high. 




HYGIENE AND PUBLIC nEALTII 


24 


The contamination generally takes place during construc- 
tion. The essential condition for bacteriological purity is 
that polluted surface water should not iind any access to the 
strainer or the perforated part of the well. Tlio yjriming of the 
pump should be done with clear water. In places where the 
porous soil extends to great depths contamination can be 
avoided by sinking the well low enough so that even surface 
water may be filtered in passing through the deep layers of 
sand. 

It is also necessary to sink tube-wells in such a manner that 
no crevices are left along its sides through which surface 
water may trickle down. To ])revent possibility of contami- 
nation this space should be well grouted with cement or clay. 

These wells rc({uire to be carefully managed and one 
must know the limitation of their working speed as they 
silt up if the rate of pumping exceeds the critical velocity. 
The real filtering medium is the sand outside the strainer 
which should be so designed thaf tlie sand grains are not 
<listurbcd or sucked in when the water is pumped. When 
water flows slowly through a bed of sand there is no dis- 
turbance, but if the water exceeds a certain velocity it carries 
sand grains with it. This velocity at which disturbance com- 
mences is known as ^^the critical velocity,” and varies accord- 
ing to the fineness of the sand. In designing the strainer for 
a well of a re(|uired output it is of great importance to give 
proper consideration to “critical velocity.” When water is 
drawn, the level of the water in the well is lowered, and 
as a conse(|uence thereof the water will tend to flow into it 
from the surrounding ground. The area within which the 
level is appreciably lowered is called the “circle or cone of 
influence.” 

Construction of Tube Wells. — {a) The closed or driven 
wells . — The cheapest method, one which is adopted for small 
tube-wells of 1| to I^-in. diameter, is to simply hammer 
the tube and the strainer down into the ground. In this 
form the well tube is closed and yiointed at one end, and 
perforated at some distance therefrom. This tube is driven 
into the ground until it penetrates the water-bearing stratum. 
When the material penetrated is sand the yierforated portion 
is covered with a wire gauze of fineness depending upon 
the sand grains. To prevent injuring the gauze and 
clogging the perforations, the pointed end is usually made 
larger than the tube, or the gauze may be covered by a 
perforated jacket. This method of boring is done with 
shallow tube-wells, but where the depth exceeds 75 to 100 ft. 
the method of sinking is different. Its disadvantages are 
that the nature of the sand in which the strainer has come 
to rest cannot be seen nor can it be ascertained whether the 
strainer is damaged or not. These wells are useful when a 
temporary supply is required (see page 19). 
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(h) The ontercaslnij well . — By tar llie most satisfactory 
method of sinking tube-wells is by means of a casing pipe. 
This consists of a series of tubes, some sizes larger than the 
permanent tube-well, and the tubes are generally specially 
made for the purpose with ^‘swelled and crossed” joints — 
joints so constructed that both the iuside and outside of the 
pipe are practically straight, having no excrescences to inter- 
fere Avith the working of tools inside the i)ipe, or to catch 
in the ground outside the pipe and obstruct the downward 
movement. To construct a tube-well, the casing pipe is first 
sunk to the required depth, usually by the hydraulic method, 
/.c., a Avater pipe is placed inside, this usually being pro- 
vided at its bottom end Avith a combined Avater Jet and 
cutter. By working this about, and by means of the Avator 
Jet, the soil is rapidly cut away and a\ ashed up the tube, and 
by weighting the tube at the top, it rapidly sinks. When 
the casing has been taken down to the rofiiiired depth, the 
permanent tube and the strainer are lowered within it, and 
the casing is withdrawn. This leaves an annular space 
round the permanent tube which should be carefully filled 
up. The space round the strainer should be filled up with 
fine gravel, a ])r()eess known as shrouding, and the space 
round the tube should be packed Avith clay in order to 
prevent surface water creeping down the outside of the tube, 
passing through the strainer and coming up inside^, the tube. 

The casing method is essential in the construction of large 
tube-Avells, say from o-in. upwards. For small tube-wells 
it is also the best method, but is more expensive. In this 
method the nature of the strata ])assed through can be 
examined and recorded, also the samples of Avater from 
different sand strata can be taken for analysis. They have a 
longer life, since by moans of it the tube and strainer when 
])laced in position remain in as good a condition as when 
they left the surface. 

The Sfrainer. — When a tube-Avell is bored into rocky 
strata, the bottom of tlie tube can remain o])en, simply ter- 
minating in a hole in the ground. But when the bottom of 
the Avell is in sand, a means has to be adopted for keeping the 
sand out of the tube. This is done by providing a ‘ strainer”, 
Avhich consists essentially of a perforated length of tube, the 
perforations being sufliciently small as to let the Avater 
through but keep the sand back. A common form, especially 
for small Avells, consists of a perforated galvanized iron pipe 
Avrapped round with brass Avire gauze, and the latter protected 
by perforated thin sheet brass. Another common type used 
for larger tube-Avells consists of a steel frame wrapped round 
Avith special copper Avire of Avhich the strands are close 
together but not touching, thus leaving slots through Avhich 
the Avater can pass. 
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Buufaoe Watek 

Upland Surface Water. —This is water collected and 
stored in hilly districts at the head of rivulets or streamlets. 
Such a water nearly approaches rain water in purity but 
its nature depends upon the kind of soil through Avhich it 
has passed. The water may be collected in natural lakes, as 
in Loch Katrine for the supply of Glasgow, or in artilicially 
constructed lakes made by building an earth or masonry dam 
across the outlet of the valley, as for that of the cities of 
Madras, Bombay, Dar jeeling and Liverpool. In Bombay and 
Madras the hikes are liable to contamination, and the water 
is, therefore, subjected to y)uritication before being distri- 
buted ; whereas in Darjeeing the catchment area is well 
protected, no human habitation being allowed in the area. 
Unless the catchment area is guai’ded the water may contain 
dissolved organic impurities derived from sewage and de- 
caye<l vegetable matter. If the hills are covered with peat 
the water may be brownish or yellowisli, but this is harmless 
unless in excess when it may give rise to diarrluea. It can 
however be purified by running the water through a bed of 
fine sharp sand. Upland surface waters if colfected from a 
catchment area adecpiately guarded, and Avell stored are the 
safest, and being soft are the most economical public water- 
supply and need no further purification. When the rock 
contains soluble mineral matters tlie water will dissolve 
these. Thus at Salem some surface waters contain salts of 
magnesia, while at Coimbatore and other ])laces in Southern 
India the water contains calcium carbonate from line-stone 
rocks, nitre, or common salf. 

Tanks or Ponds. — Tanks are good sources of water- 
supply if free from pollution, and are perhaps the only 
source of water in most villages. In Bengal tanks are 
excavated, but in Central India, and Madras they are made 
by ])utting a dam across the valley. They are commonly 
polluted by being used for washing and bathing purposes, by 
the passage of excrement direct into the water, and by rotten 
leaves and other impurities. Cattle and domestic animals are 
often bathed and washed in the tanks ; and surface drains 
are allowed to empty into most of them. In order therefore 
that tanks may be free from pollution, proper precautions 
should betaken to prevent contamination. 

When tanks are used for drinking pur])Oses the following 
points should be attended to . — 

(a) They should be excavated in a good soil having 
good surroundings; ^hiiade soil’^ and loose sandy soil having 
blthy ponds and cesspits in the vicinity should be avoided. 

(/>) They should be deep, tolerably large (about one acre) 
and of a regular shape. 

(c) The banks should be proyierly sloped and covered 
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with grass. Tlie surrounding area should have a low 
embankment, so that no water can enter the tank except 
the direct rainfall over the conserved are<a suppleuKMited 
by subsoil water from the bottom. 

(r/) They should be fenced in or enclosed by railings. 
Trees should be planted at a fair distance to keep away 
dust. 

(c) No bathing or washing of clothes or utensils should 
be permitted, nor should there be any steps or (jhats. 

(f) Arrangements for drawing water from a platform 
or jetty should be made and no one should have direct 
access into the water. An ideal arrangement would be to 
employ a siiecial man with a separate bucket, or to fix a. 
hand-j)ump. 



Fig. Sii()wiN<j Fui.lgtion of Takk Watkk 
Note* an insanitary privy dose to it. 

in) Dhey should always have fish, especially of the 
smaller variety, which by feeding on mosquito larvte and 
other organic impurities help to keep the. water [niia*. 

(h) Weeds should be removed as soon as they have 
grown, and the tank emptied and re-excavated whenever 
the water deteriorates in quality. 

Unless the precautions given above can be strictly 
observed, tank water should not be used for drinking pur- 
poses. Owing to sunlight and heat tanks in India have 
great power of natural purilieation, and a ])ropeiiy protected 
tank in Bengal is a very good source of pure water, showing 
no B. coli in TO c.c. 
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Tank water deteriorates in the hot weather from putre- 
factive changes. In course of time tanks become stocked 
with water plants, and the annual decay of the plants 
gradually forms a layer of very oftensive mud at the bottom. 
Certain tilamentous green weeds, having the same specific 
gravity as water, iloat in layers of several feet in depth 
and when they die, sink and give ofl* H2H. 

Rivers and Streams. — River water is a mixture of 
surface and spring water, and usually contains the impuri- 
ties to be found in both of them. In India, as in most other 
countries, both rivers and streams furnish the chief sources 
of water-supply. The river water is fairly pure and un- 
polluted at its source, but during its course it becomes more 
or less i)oIluted, as most rivers and streams form tlu^ natural 
sewers of the regions they drain. Where the How of water 
in a river is enormous compared with the volume of pollu- 
ting matter entering, anil the water is imiiounded in 
reservoirs for subsidence, and the clarified water is iinally 
subjected to most careful liltration, a good potable water 
may be obtained. Water from large streams if properly 
looked after is a good source of supply for towns. Towns, 
as a rule, draw their water-supply from a rivfir above the 
spot where the sewage of the town is discharged. But 
large rivers are able to get rid of a moderate amount of 
sewage pollution by sedimentation, and by the combined 
agencies of oxidation, vegetation, and bacterial action. 

The composition of river water varies much according to 
the part of the river whence it is taken. As a rule river water 
is softer than ground water but contains a large amount 
of organic matter. Corpses are often thrown in without 
burning, and the bodies are torn to pieces by carrion birds, 
leaving the contents of the stomach and intestines to mingle 
with the water, while the people wash, drink the water and 
carry away jars full of it for home coiisumj)tion. The 
analysis of Ganges water below Oawn])ore sliowed that 
18 miles below the city sewage was still found in the water. 

Streams and rivers in their course through cultivated 
areas, towns and villages often take up impurities derived 
from sewage and industrial etlluents, ])articularly near the 
banks, and therefore such water should not be used for 
drinking purposes witliout proper purilication. In India 
most of the places for y)ilgrimage are situated on the banks 
of rivers and the popular custom of bathing in the river by 
hundreds makes the water positively dangerous for drinking 
purposes. 

Water for drinking purposes should, therefore, be col- 
lected a few feet from the shore. This may be done by means 
of a small boat tied to a post, or anchored, or by having a 
sort of a jetty-like arrangement, or by means of a pipe 
attached to a hand-pump. 
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Collection, Stouacje and Delivery of Water 

Collection of Water.— The <iuestioii of supplying pure 
water to towns requires careful consideration. Where fil- 
tration is used on a large scale, the water is generally derived 
from a river or a stream and collected into large reservoirs 
or settling tanks. It is a matter of practical importance tliat 
the supply should not be derived from any source within the 
municipal area. Shallow wells and tanks should not be used,, 
as they are mostly polluted ; even deep wells are liable to 
pollution. Springs, deep wells, upland surface water, natural 
lakes and rivers are tlie usual sources of supply for waters 
needed in towns for most purposes. The source available for 
the supply should deiiend upon local conditions, bearing in 
mind tliat the Avater should not only be free from pollution 
but should be soft. Hard water is neither suitable for 
domestic use nor economical for manufacturing purposes. 

Whatever may be the source, the catchment area, the 
drainage area and the settling tanks should be protected from 
any j)ossibility of contamination. 

By sinking a number of deep wells or tube-wells in a 
water-bearing stratum away from the town, in an unpolluted 
soil, good drinking water may be supplied by pumping the 
water directly into service pipes, or through the medium 
of storage tanks. Provided the wells are protected from 
pollution, this method of supply is ([uite satisfactory and has^ 
been utilised in many towns. 

Storage of Water. — It is generally necessary to store 
water, but the methods vary with the source. In upland 
surface schemes storage is usually made by impounding 
the water. By this method large artilicial lakes are formed 
which should hold enough water to supply a town for some 
time. The size of such reservoirs depends on the area of the 
land and the number of the population requiring the water. 
Large towns are often divided into districts, each of Avhich 
has a service reservoir. This system has an advantage : 
in case of disorder or waste in one district other districts 
do not sufter in conse([uence thereof. 

Storage is one of the best means of purification, and 
when done in natural lakes it is cheap, but Avhen done in 
artificial reservoirs, as in London, it becomes rather expen- 
sive, depending largely upon the value of land. The capa- 
city of storage reservoirs should be such as will hold at 
least a week’s supply. 

Distribution of Water. — Filtered water is usually 
delivered by means of iron pipes laid underground. To avoid 
erosion, particularly when the water is soft, these are coated 
either with Angus Smith solution, which consists in heating 
the pipes to a high temperature and then dipping them 
in a receptacle containing a mixture of pitch, resin, and 
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linseed oil. In the BarlPs process the pipes at white heat 
are treated with superheated steam for several hours when 
a lilin of magnetic oxide of iron is formed. In Calcutta 
distribution is carried on by steel pipes |-in. thick and 
coated with a special asphalt preparation and having a 
diameter of 5 ft. to 0 ft. 

In the distribution of water it is essential that not only 
the poorest and the least sanitary parts of a town be well 
supplied, but that there must be a proper water-supply to 
dairies and cattle-sheds ; else the vessels used for milk will 
be washed in any collection of water available, very often 
in water highly contaminated by cattle or Avashings from 
cattle-sheds. In the outskirts of a city not provided with 
tiltered water, or in the bustecs, it would be convenient to 
supply filtered water to these localities by special water 
carts, or by sinking a few deep tube wells properly pi’otec- 
ted and fitted with pumps. 

For many of the purposes for which water is used it is 
not necessary that the Avater should be absolutely pure. • 
Where the demand is great, as in large cities like Calcutta, 
and owing to a deliciency in the amount of ])ure water 
available, there is a (Inal system of supply— »the imi)ure or 
unfiltere(l water for Hushing sewers and Avater-closets, 
watering roads, extinguishing fires, and for manufacturing 
or trade ])ur[)Oses ; and the pure Avater for drinking, battling 
and cooking purposes only. With this dual sup])ly the 
amount of ])ure Avatcr required is less. In villages this double 
supply is often met Avitli. The well yields Avater for cooking 
and drinking ])urposes, whereas a neighbouring stream, tank 
or pond furnishes Avaterfor AA^ashing, bathing, etc. There can 
be little objection to such a procedure in villages ; in tOAvns 
a dual supply necessarily involves a second system of mains 
and sup])ly pipes, and there is the possibility of unfiltered 
Avater being used for drinking purposes, and may thus be a 
factor in spreading Avater-borne diseases. 

Water-supply may be either intermittent or constant. In 
inany towns for the sake of economy the su[)ply of aa ater is 
intermittent. There are however certain objections to this 
system, for instance, (1) in the intervals during Avhich the 
mains and service pipes remain empty, foul air and polluting 
matter from sewage-charged soil or drains may be sucked 
in through imperfect joints or decaying pix)es ; (2) larger 
house cisterns have to be provided for the storage of water, 
Avhich is often wasted ; (3) as the Avhole day’s supply has to 
be furnished in a feAv hours, larger mains are necessary ; and 
(l) in case of fire water may not always be available. 

Decentralised Storage System.— The distribution of 
water in most towns is generally what is known as ‘‘centra- 
lised,” that is there is a central reservoir from which mains 
lead to different parts of the towji. Stand pipes are erected 



on tJie streets in direct connection with tiic mains and 
submains, and house connections are also made directly with 
mains and submains. The advantages of this system are 
simplicity, comi)arative cheai)ness, and ease in design and 
control ; its disadvantages are that while in areas near 
the central reservoir pressure and sup])ly^ are satisfactory, 
areas distant from the central reservoir and particularly 
terminal areas receive water at a very low pressure and 
in much less quantity. The comparatively high pressure and 
full how in the near areas result in great deal of Avaste both 
from private and public taps. 

.Mr. (Irihin of the Uengal Public Health Department has 
devised a ‘Mecentraliseil’^ storage system to counteract 
these disadvantages, /‘.e., to provide an uniformly distributed 
supply eciual in amount and pressure all over the town, and 
to avoid unnecessary waste. The storage is thus decentra- 
lised, /.c., the neeessary storage for eciualisation of demand 
is scattered over the town in a number of tanks by the road 
side and in tanks on the roofs of the houses. In order to 
give a constant pressure for supply to the roofs and street 
tanks, the toAvn is divided into several zones, and the 
pressure is controlled in each zone centre by a ‘deducing 
valve or pressure governor.’’ The distributing pipes of each 
zone therefore always contain water at a definite constant 
pressure. The connections from the zone pipes to the roof 
tanks and street tanks are regulated by means of “check 
pipes”, Avhich consist of small copper tubes lixed inside the 
galvanised iron pipes. The number of j>ublic tanks and taps 
are estimated on the needs of the number of people in the 
zone, and their location arranged to suit the re(|uirements 
of density of population. Each tank is litted Avith a ball 
valve Avhich prevents overflowing, and outside is aflixed an 
“indicator” showing the amount of water in the tank. The 
amount of water delivered to each tank is calculated on the 
daily alloAvance permissible per head of the neighbouring 
population likely to take Avater from that tank. House con- 
nections are given from a “zone” main and passed through 
a “check pipe” which will deliver the alloted amount to the 
house owner jier diem. 

The advantages claimed for this system are that it confers 
equality of distribution and amount over the whole tOAvn 
and reduces Avaste. When a group of house-holders know 
that their supply tank will deliver only a certain amount 
of water, and that if the Avater is needlessly Avasted by any 
one of them they will themselves be the sufferers, they Avill 
see that no unnecessary waste occurs. 

iMPuiuTiKS OK Water 

The terms pure and impure are often used to indicate 
the character of water. An absolutly pure water is not 
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Fig. —Decentralised Storage System 



available in nature, since water always contains gaseous 
and solid matters in solution and dead and living i)articulate 
matters in susj)ension, received from the air or soil or from 
both. All natural waters, therefore, are more or less impure. 
In the sanitary sense pure water means water wliich does 
not contain any substance likely to endanger the health of its 
consumers. Impure water need not necessarily be injurious 
to health. Water contaminated with sewage matter may 
often be used, even for long periods, without any apparent 
ill elfects, but there is always the risk of such a water 
becoming infected with specilic organisms of water-borne 
diseases, c./y., of typhoid fever, cholera, etc. ; hence the use of 
such water is attended with a certain amount of risk, and 
it does not therefore come under the definition of pure water. 
In fact it is impure and unsafe. 

Impurities in water may be due to the following 
causes : — 

(a) Disso/ved impitnf ies. — These may be either (jases, like 
excess of carbonic acid, oxygen, or sulphuretted liydrogen ; 
or sails, e.cf., chlorides, calcium and magnesium sulpliatc, 
which make the water hard ; or iron, lead and organic matter 
from soil and otlier sources. 

(h) Saspcnded ini})arilies . — These may be inovifanic, like 
sand, silt, mud ; and orijanicy derived from vegetable and 
animal matter, bacteria, and ova of worms. 

These imyiurities gain entrance from dillerent sources. 
The water of rivers, tanks, wells and springs becomes polluted 
and impure either from sus])ended or dissolved im])urities. 
Even rain water becomes impure as it falls on the surface 
of the earth. 

The sources of impurities may be classitied as follows : — 

(a) Substa/iices received al the source. — The cliaracter of 
the Avater depends upon the geological structures through 
which it has travelled. Thus chalk wells produce hard water 
from the presence of calcium, and water from the neighbour- 
hood of graveyards contains organic impurities. Water 
from wells in towns or densely populated places often 
contains calcium, sodium, nitrites, nitrates, sulphates, 
phosphates, etc. 

Both tank and well water may become contaminated by 
soakage and surface washings. Very often slop water from 
village houses is conveyed to the nearest stream or tank. 

(/>) linpurities derived during transit from source to 
reservoirs . — Open conduits like rivers, canals, etc., are liable 
to be polluted by sewage, house and waste water, manu- 
facturing refuse, etc. Purihcation, however, goes on during 
its flow by means of subsidence, by the action of normal 
water bacteria on pathogenic micro-organisms, and by the 
presence of aquatic plants. (See Natural Purification of 
Water, page 37). 

3 



34 


HYGIKNE AND PUBLIC HEALTH 


(c) Impurities from storacje. — When water is obtained 
from a tank or well, or in a town where the supply is inter- 
mittent, it is necessary to store water for drinking purposes ; 
but the method of doing so is important, for however 
carefully the water may be stored it often deteriorates, and 
by losing its sparkling character gradually becomes Hat and 
insipid. 

In this country water is ordinarily stored in (jhiirras or 
metal vessels, wooden tubs, and masonry tanks {chouhachhas), 
etc. When kept in metal vessels and protected by a cover, 
the water, although it partly loses its aerated character 
remains pure. Sarais and other earthenware vessels keep 
the water cool and sparkling. These receptacles are often 
kept under staircases, on landing floors, and in otlier 
insanitary places Avhere accidental contamination from dust, 
dirt, cockroaches, etc., is liable to occur. Under the name 
of ‘‘catadyn” process a purifying vessel has been introduced. 
It has a coating of colloidal silver which will purify polluted 
water in two to three hours by contact. (See page 44). 

((/) Impurities from distrihuiiou. — Where the supply is 
intermittent and the pipes are occasionally left empty, 
sewage and impure air may be drawn into'the empty pipes 
through leaky Joints and cracks. It is therefore necessary 
to lay the water mains at a distance from gas j)ipes, drains 
or sewers, and on a solid basis, so as to prevent any cracks 
occurring from subsidence. 

In many j)laces water is distributed by special water 
carriers (Bhistees) who use leather bags or mushuks for 
carrying water. Since it is not possible to keep these bags 
clean, the water cannot remain pure. Moreover, these men 
live in bustees under the most insanitary conditions, and 
the mushuk is kept in ])laces where all sorts of contamination 
is possible. Unfortunately this sort of transport of water 
by the agency of Bkistees is still prevalent. 

EfFK( TS OF IMPFRITIES OF WATER 

Contaminated water may be often used for a lengthened 
period without giving rise to any appreciable effect on the 
consumers, and it is probable that in many instances their 
systems become habituated to its use. For, not infrequently, 
persons who are accustomed to use pure water, suffer from 
some trouble when they drink polluted water. But impurity 
to a certain extent is practically inevitable and is neither 
disagreeable to the taste nor injurious to the health. An 
absolutely pure Avater is insipid and perhaps unwholesome. 
A good water is not one which is chemically pure. Trans- 
parent, colourless, odourless, tasteless water with no 
suspended matter or excess of total solids, but with sufficient 
dissolved air, is all that is wanted. 



WATER 


35 


Certain diseases like cholera, typhoid fever, dysentery, 
etc., havin^if their primary seat in the alimentary canal are 
carried through infected water used for drinking purposes. 
Water is occasionally responsible for carrying animal para- 
sites, anKcbic and worms. It may cause derangement of 
metabolism resulting in such conditions as goitre. But the 
greatest danger in water is from pollution from human 
sources. As many diseases aifect man alone, water may be 
a vehicle in carrying specific germs; therefore every effort 
should be made to avoid human pollution. Since water is 
used raw, unlike foods which are mostly cooked, it is one of 
the most common sources of infection. 

I. Effects of Vegetable Impurities.— Putrid or decaying 
vegetable matters may give rise to diarrluea and intestinal 
troubles and other severe symptoms, in persons unused to it. 

II. Effects of Mineral Impurities.— Sus[)ended mineral 
matters or an excessive (juantif y of magnesium sulphate or 
chloride may cause irritation of the bowel and set uj) 
diarrliwa. Brackish water drawn from w ells near the sea 
often gives rise to symptoms of dyspepsia. 

Phanhism . — This results from ])rolonged use of water 
containing lead. Since lead is never found in any natural 
water its presence must be due either to the use of lead pi])e 
or to storing water in lead cisterns. It is therefore necessary 
that the conditions under which water acts on lead should be 
clearly understood. The amount of lead Avhich can be taken 
without producing any untow^ard effects on the system is not 
definitely known. It is possible that individual susceptibility 
varies, but the use of Avater containing gr. of lead per 
gallon in the water-supply of Yorkshire and Lancashire towns 
gave rise to marked and Avidespread symptoms of lead poison- 
ing (Hammer and Ilutt). The accepted standnid is that a 
potable Avater should not contain more than ^^^th gr. of lead 
per gallon. Hard waters unless contaminated Avith organic 
acid have, as a rule, very little action on lead, while soft, 
Avell-oxygenated Avater dissolves it more or less. Waters 
containing CO2 precipitate basic lead carbonate Avhich is 
insoluble. If, hoAvever, (X)2 is present in excess the salt is 
redissolved and poisoning occurs. Being a cumulative ])oison 
very little of it will cause symptoms of poisoning if such 
Avater is taken for a long time. 

The following kinds of Avatcr act on lead : — 

1. Soft waters by virtue of the dissolved oxygen form 
oxyhydrate of lead Avhich may bo dissolved more rapidly by 
acid water, or the insoluble oxyhydrate of lead may be va ashed 
away in line powder by the floAv. Peaty waters are more 
dangerous as by the bacterial action on peat organic acids 
are formed. Mineral acids cause less plumbo-solvency than 
peaty acids. 

2 . Water containing nitrates or nitrites in solution, or an 
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excess of CO 2 exerts a powerful action on lead. Thus polluted 
shallow well water containing* excess of C ()2 tends to dissolve 
the coating of load carbonate found in the pipe or vessel. 

3. Upland surface wafers containing humic or iilmic acid. 

4. Neutral (listilled water, and muddy river water. 

Waters not acted on by lead : — 

1. Hard Wfder containing salts of lime and magnesia. 
These form a coating of insoluble lead, salts on the surface 
of the metal. 

2. Water containind silica, as silicate of lead is insoluble. 

To preveni) action of water on lead a solution of sodium 

silicate is used, which also prevents the action of water on 
other metals. Filtration through sand or granite adds to the 
water a small amount of silica. Filtration through coarsely 
ground limestone, magnesite or chalk, or addition of lime or 
soda ash to reduce acidity of water, also prevent action of 
water on lead. 

Zinc is occasionally found in Avater, and water which 
contains free chlorine will dissolve a certain amount of zinc 
from the surface of galvanised iron. Obstinate constipation 
may result from the consumption of such water. But it is 
rarely present in dangerous amounts. ' 

Iron is not infre(juently found in water and gives rise 
to difspepsia and constipation, iVatural Avaters may contain 
traces of iron. But Avheu water is supj)lied through iron pipes 
it is mostly derived from rusting of the inner coating of the 
pipes. Water containing organic matter may form tubercles 
of insoluble ferric carbonate or hydrate inside the pipe. 
Ferruginous Avater is the medium for tlie groAvth of 8chizo- 
mycete Crenothrix. Ohalybeate waters contain iron in the 
form of ferrous carbonate. 

III. Effects of Animal Impurities.— The principal 
diseases of man contracted by drinking infected Avater are 
typhoid fever, cholera and dysentery. In all cases the Avater 
is infected directly, and therefore tanks and rivers arc largely 
responsible for the outbreaks of epidemics. 

Cholera. — Water plays a most important part in the spread 
of this disease. In India villages on the banks of rivers are 
especially affected. Outbreaks also occur Avhen the tank or 
well, Avhich supplies the people Avith drinking Avater becomes 
infected. ]{lpideniics are not uncommon during a pilgrimage 
or after a bathing festival. 

Goitre. — The primary cause according to McCarrison is a 
micro-organism Avhich in the intestine of man produces a toxin 
having special effect on the thyroid gland which enlarges. 
The exact nature of the organism has not yet been identilied, 
but it appears to be present in the soil of goiterous regions, 
Avhence they are carried to man through Avater. It is now 
believed that goitre is a deliciency disease caused by the 
lack of iodine in the Avater or food. But the fact remains 
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that drinking of certain waters gives rise to this alfectioii. 
(See (joitre, under Food). 

Tfjijltoid Fever, — This is i)ropagated throngli water infected 
by the urine or faeces of patients who are sull'ering, or liave 
recently suttered from typhoid fever. 

I)iarrJi(ea is not infrc(|uently caused by drinking polluted 
water. Hometimes it may be due to tlie ])resence of inorganic 
impurities, but may also be due to the presence of certain 
m i c r o - o r ga n is m s . 

Fyntozoal Diseases. — Diseases due to Disfouia Jiepaf icam, 
Ascaris Inuihricmiles, etc., may be contracted by drinking 
water containing the eggs, larva*, or other stages of deve- 
lopment in the life cycle of these parasites. Di1harzi((sis 
occurs through water infected with cercaria* which ])ierce the 
skin or mucous membrane, (lainea ivorm infection also takes 
place from drinking wjiter containing infected ci)clo}>s. (See 
A nimal Parasites). 


P[TTM1UC ATION OK WaTIOU 


A public water-supply should be of such a nature as will 
not require further i)uriiication by its consumers. Water 
derived from carefully ])rotected springs or deep wells needs 
no such treatment, but in the case*, of surface water, river 
water, or water from any source liable to sewage contamina- 
tion, puritication becomes necessary. 

Impure water may be ])urilied by either of the following 
methods : — 


A. Natural 


U. Artiticial 


^ 1. Storage 

X IT. Oxidation and settlement 

{ I. I 'liysieal : 

(t. Distillation 
It. Hoiling 
II. Chemical : 

a. l’recii)itation 
It. Oermieides 
111. h’ilt ration : 

a. Slow .sand lilt(n-s 

//. Rapid niters (mec.hanical) 


The primary ob ject of purilication is to remove from the 
water any traces of pollution that may give rise to disease. It 
is also desirable to remove suspended matter when the water 
is turbid, and dissolved mineral matter to render it soft, /.c., 
make the water suitable for manufacturing as well as for 
domestic purposes ; a very hard water being undesirable for 
boiler purposes and for culinary and laundry use. 

The principal methods employed for the purilication 
of water on a large scale are, (I) storage, (2) nitration, and 
(3) chemicals. Put no method of purilication can be consi- 
dered satisfactory from a sanitary point of view that does 
not eliminate the germs of water-borne diseases. 

A. Natural Purification of Water.— Nature often helps 
to purify water by various means. In the case of rivers or 
streams where there is a large volume of water, purification 
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takes place by dilutio n and sedimentati on ; for as soon as any 
sewage or polluting matter enters a river or a lake it 
becomes so diluted as to lose all its virulence, and the 
pathogenic spore-free bacteria soon become attenuated and 
die in water. Dilution is an important means of purification. 
Along with dilution, sedimentation of inorganic suspended 
matter which is favoured by slow moving streams takes place. 
In this process the bacteria are also carried down to the 
bottom where they become entangled and die. Delepine has 
shown that tliis sedimentation is an important factor in the 
bacterial purilication of water. The aerobic Lacteria oxidis e 
to a certain extent the organic materials of the sewage, and 
the activity of the oxidation depends upon the amount of 
dissolved oxygen in the water. During the course of this oxi- 
dation tlie nitrogenous substances arc mineralised. Aquatic 
plants also give off oxygen and unless these are destroyed 
by sewage further oxidation occurs. ^Moreover, fish and oth er 
lower forms of animal and vegetable life which exist in large 
numbers in certain waters help the ])urilicati()n by feeding on 
the organic impurities. Besides these factors, .sun-light by 
virtue of the heat and ultra-violet rays exerts its germicidal 
intlucnce on all surfac^e waters. Of yet greater importance 
is the evidence of destructive changes accompani(Ml by the 
loss of virulence which certain organisms, ])articularly those 
of an “intestinal type,” undergo in river and stream waters. 
These organisms are B. coliy B. enter lUdis sporoncnesy etc. 
Water is not the natural habita t of pathogenic bacteria as of 
cholera and typhoid fever. In the struggle for existence they 
have to liglit Jigainst the saprophytic bacteria present in 
water, and being divorced from their natural habitat — the 
intestine of man— ra])idly die out. Storage and reservation, 
therefore, are valuable natural puriliers of water. 

It should be noted that dangerous organisms shoidd 
disappear from ordinary river water in storage in about 
seven days in India, whereas the corresponding ])eriod in 
England is about thirty days owing to the dull sunless condi- 
tions so often found there. 

B. Artificial Purification of Water 
I. Physical Methods or Sterilisation of Water by Heat. 
— There are two ways of doing this : — 

(rt) Distilhdion. — By this method water is rendered pure 
in a chemical sense. But from a practical and economical 
point of view it has several objections. For instance, it is 
not practicable to do this on a large scale. Moreover, distilled 
water has a flat taste, suggestive of scorched organic matter, 
and acts on metals. It is used on board ships and should be 
aerated to improve its taste. In Aden and in some towns 
on the Eed Sea coast the water is distilled as the well water 
is brackish and rain very scarce. 

(h) Bolling , — By this means certain micro-organisms are 
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destroyed, the temporary hardness of water is removed by 
the precipitation of calcium salts, ammonia and sulphuretted 
hydrogen gases are given off. Boiling makes the water very 
flat aud insipid, and it should therefore be aerated. 

II. Purification by Chemical and other Agents 
A. Use of Precipitants . — By these a precipitate is formed 
which entangles and carries down suspended matters and 
micro-organisms. After the addition of the coagulant the 
water may bo treated as follows : — (i) It may be allowed to 
stand until the precipitate is complete and the water is quite 
clear ; (U) may be passed after a short sedimentation through 
a mechanical or pressure Alter ; {ili) may be allowed to settle 
until practically clear and then passed through an ordinary 
sand Alter. The following are the different methods : — 

1. Soften in (I of Water . — A hard water is that in which 
calcium and magnesium salts are held in solution in the form 
of carbonates and sulphates. Hard water is not suitable for 
washing as tlie salts form curd with soap instead of lather. 
It is also unsuitable for cooking and in some industries. 
Oftentimes owing to the presence of magnesium sulphate it 
gives rise to gastro-intestinal troubles in persons not accus- 
tomed to drinking hard water. When the hardness is due to 
the presence of carbonates of lime and magnesia ke])t in solu- 
tion by carbonic acid, it is known as temporary^ as the hard- 
ness is removed by boiling, which drives away CO 2 gas and 
thus precipitates the carbonates. 0 alT 2 (C 03)2 Heat-- ('a( 
4-(/02 + H 2 0. When the hardness is due to the y)resenco 
of sulphates and chlorides of calcium and magnesium and 
not dependent on the presence of VO 2 and tlierefore not 
removed by boiling, it is called permanent. When hard 
water is used in the water-supply of a city, as for instance 
part of London su])ply, where the Avater is derived from 
chalk, it is necessary to soften the same. As it is not practi- 
cable to boil the water on such a large scale, this is done by 
adding 1 oz. of CaO per 700 gallons of water for each degree 
of hardness (each degree of hardness corresponds to 1 gr. 
of calcium carbonate in 1 gal. of water), as follows : — 
CaH2(003)2 + CaO = 2CaC03 + II 2 O 
MgIL(C 03)2 + CaO = MgCOa + CaCOs + IT 2 O 
The lime combines with CO 2 , holding the chalk in solution, 
and the calcium carbonate is precipitated. This process of 
softening water is known as Clark\s process. Permanent 
hardness due to the presence of sulphate of calcium or 
magnesium is remoA^ed by the addition of lime and soda 
either in the form of hydrate or carbonate, thus : — 

Ca804 + Na2C03=CaC03 + ]Va2S04 
Mg804 -f- Na2C03=MgC03 + Na2S04 
Base exchan (je . — Nowadays zeolite is used for softening 
water. Permutit is artifleial zeolite consisting of hydrated 
silicate of aluminium and alkalies. It has the property of ex- 
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changing tho sodium base whicJi it, contains for other bases 
By this process all lime and maj^nesium salts are removed and 
salts of sodium carbonate and sulphate are substituted, thus : 

Nai ALSi208 + CaS()4 = CaAl2iSi208 + Na2H04 
This method is only suitable for household supplies and 

manufaeturiDg requirements, but 
for town supply the cost is more 
than tlnat of lime and sodium 
carbonate. 

The permutit water softener 
consists of a closed cylindrical 
tank tlie uppe r part of which con- 
tains a chamber wliere salt solu- 
tion for regeneration purposes is 
automatically prepared, a speci- 
lied quantity of dry salt bein^ 
placed at fixed intervals. The 
lower part contains a bed of per- 
mutit. The process is one of 
simple liltration through this bed. 

2. yl/nm. -This acts if the 
water contains calcium carbo- 
nate. The (piantity of alum used 
to purify water cannot have any 
germicidal action, nor any direct 
chemical action upon the water 
itself. It forms a flocculent pre- 
cipitate of aluminium hydrate Avhich entangles suspended 
impurities and bacteria. 

Alum is largely used as a coagulant in cases of mechanical 
filters Avhere a long period of preliminary storage is not 
done or is impracticable. It hastens deposition of suspend- 
ed matter and produces an artificial surface film quickly and 
helps much more rapid filtration than is possible in slow 
sand filters. The amount of alum i’e(]uired to clarify water 
depends upon the pK of the water. Thus more alum is 
required when the p\l reaction of Avater increases, ddic 
total hardness of Avafcer also plays an important ])art in the 
regulation of the dose of alum. Ordinarily 1 to 4 grains of 
alum per gallon are required to clarify water, but during 
the monsoon when the Avater becomes very muddy, a 
larger quantity is necessary. But tho dose of alum can 
be reduced by the preliminary addition of some cheap 
acid, as sulj)huric acid. This is done by dissolving alum 
in acidulated Avater instead of ordinary Avater. If the 
original pll of the Avater is not high, one should not 
acidify water too much, as it may affect the taste, or damage 
the machinery. The dose of alum and acid should be so 
regulated that the resultant. jfjH may be made such as will 
not go far from the absolute neutral point which is 7.0. 



Fig. 5.— Permutit Water 
Softener 



WATER 


41 


Acid almn therefore is preferable to basic alum. Alumino- 
ferric (50 p.c. of sulphate of alum and 1 p.c. of sulphate of 
iron) 1 ^r. to the j^allon is very widely used nowadays. 

The clarifying etfect is more marked if 5 ^rs. of lime is 
added after the alum. Alum also has the ])ro])(‘rty of 
destroying water bacteria-. Half a grain to a gallon has 
been shown to reduce <S000 miero-orgo nisms in 1 c.c. of water 
to 80. Although alum effects such a remarkable reduction 
of water bacteria, it does not <lestroy even in greater 
strengths the typhoid or cholera organisms. 

d. Perchloi ide of Iron. — 2^ grs. to a gallon will purify 
water from its suspended organic matter and clay. 

4. The fruit of StrffcJtnos potaionun, (mmmonly known 
as ‘clearing nid/’ {Neernialf vern.) is used in India, to 
clear muddy water. One of tliese fruits is well rubbed for a- 
minut e or so on the inside of the vessel containing the water, 
which is tluui left to settle. Within a very short time the 
impurities fall to the bottom leaving the Avater clear. 

I>. (rerniicides. The following are the common ger- 
micides used to purify Avater : — 

1. Pohfsshfru l*('roi(ut(j(i}i(da acts mainly as a germicide 
by destroying the organic matter on which bacteria thrive. 
It is specially useful for st(‘rilising relatively small ({uantities 
of water, c.r/., of Avells and cisterns. In ])roportion of 5 j)arts 
per million it removes 1)8 p.c. of bacteria in 4 to (> hours. It 
is rather expensive and is not suitable for sterilising large 
volumes of Avater, as of tanks. The best Avay to em])loy it is 
to prepare a solution of a delinite strength so that the 
required amount can be measured. yVfter further dilution 
this can be poured into the well, etc., and thoroughly mixed 
up with water. Usually 1 dr. is re([uired for a well 2 feet in 
diameter and containing about 8 ft. of Avater. About 1 dr. in 
200 gallons of Avater will be enough to disinfect ordinary 
water. Tlie amount can also be gauged by the colour test : — 
A sutlicient quantity is added to the water of a well to give 
it a faintly perceptible |)ink tinge after the la])se of several 
hours. It is best to treat water in the evening so that it 
Avill be ready for use the following morning. Like most 
chemical agents its action is not continuous, and it loses 
its oxygen in oxidising organic matters before killing the 
bacteria. Potassium permanganate is also used for remov- 
ing the chlorine after-taste (see page (>0) but ammonia- 
chlorine process is better. 

2. Limo . — Quicklime has long been used for the treat- 
ment of polluted water, and Houston has demonstrated that 
in certain circumstances it is a most effective agent for this 
purpose. To be effective, good quick-lime or Avater-slaked 
lime is necessary. Whiting, air-slaked lime, chalk and 
earbonate of lime are useless. It is cheap and easily available. 
The amount required varies with the character, hardness. 
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etc., of the water to be treated. A fifty feet square tank 
requires about 14 pounds. It hastens precipitation of iron 
in water. 

SiilpJiafe of iron and lime are also used to clarify muddy 
water, and is used to clarify the water of Mississippi. But it 
requires more care and control. 

3. Excess of Lime Method. — Iii this method part of the 
water (75 p.c.) is overdosed with lime and then mixed with 
unlimed water which has been j)reviously rendered safe by 
storag’C or other methods, to combine with the excess of lime. 
The amount of lime recpiired depends on the degree of tem- 
porary hardness of the water and the amount of impurity 
present. Generally enough quicklime is added to combine 
with free CO 2 and any C ()2 present in the bicarbonate com- 
bination, and an excess of lime in the proportion of 1 in 50,000 
is subsequently added, for bactericidal action. 41ie water 
may finally be filtered by rapid filtration to remove calcium 
carbonate. This method sterilises wafer in from 5 to 24 
hours and removes most bacteria and 50 p.c. of organic 
matter. The method is cheaj) and reliable and will soften 
hard water and if necessary will harden soft water. 

4. Copper sulphate is useful for removin'g algm and other 
vegetable growths in tanks. It is used in the ])roportion of 
0.1 to 0.25 per 1,000,000 parts of water. It combines Avith 
the bodies of the micro-oi ganisms and settles to the bottom. 
If the water is afterwards filtered most of the remaining 
copper is removed. The simi)lest way to ensure a thorough 
diffusion of the reagent is to put it in linen bags attached 
to ropes or strings and then to draw them througl) the water 
to be treated. It has lif tleor no effect on typhoid, cholera,, 
or dysentery organisms. 

5. Nesfleld's Tablets, -Tim action of these tablets depends 
upon free iodine. A two-grain tablet of iodide-iodate of soda 
and the same quantity of citric acid is added to four gallons 
of Avater, and it is claimed that cholera and enteric organisms 
are lulled in a few minutes. 

(). Bleachinu Potrder. — It is also known as chlorinated 
lime. It is made by saturating slaked lime Avith chlorine at 
ordinary tem[)erature, and is very efficacious in sterilising 
drinking water. It is found as a whitish ])Owder or as 
friable lumj)s Avith a feeble odour of chlorine and a disagree- 
able bitter saline taste. Unlike many other powerful disinfect- 
ing agents bleaching powder and solutions of hypochlorites 
may be used safely for sterilising Avater for drinking purposes. 

Bleaching powder of good quality should not contain les» 
than 35 p.c. of clilorine. Forty pounds of 25 p.c. strength 
added to a million gallons of water give a proportion of 
available chlorine equal to one in a million parts. Roughly 
30 grs. of bleaching poAvder is required for 100 gallons. A 
cubic foot of water contains gals., and 1 gallon of 
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water weighs 10 lbs. With bleaching powder of lower 
strengths, X)roportionately increasing amounts are needed to 
give the same result. Thus : — 

Bleaching powder containing 20 x).c. chlorine would 
require 50 lbs. per million gallons ; 15 p.c. would require 
67 lbs.; 10 x).c. 100 lbs., etc. 

The student should also remember that 1 oz. of chlorinat- 
ed lime (25 p.c. strength) added to a well 8 ft. in diameter 
and containing 5 ft. of wafer will give approximately one 
in a million available chlorine, i.e., will disinfect 2000 gallons 
of water. 

The amount required to sterilise water effectively 
varies with the comi)osition of the water. The more organic 
matter tlie Avater contains the more bleaching x)OAvder is 
necessary, because some of the bleaching powder is used u]) 
to oxidise the organic matter. A liltered AA^ater usualy 
recpiires not more than 0‘25 part of chlorine per 1,000,000 
parts of Avater Avhich is equal to 8 lb. of fresh bleaching 
powder. But a Avatcr containing iron, peaty matter, or 
of a high oxygen absorbing capacity Avill require several 
times more of this strength, as folloAvs : — 

The time required for effective purification Avill depend on 
(a) nature, composition and tem])erature of the Avater; (h) 
Jimount of chlorine used; (c) eflieiency of mixing. Anytliing 
from oO minutes to several hours may be necessary, l^or 
treated Avater, stored water, or filtered Avater oO minutes 
contact may be sufficient, but for untreated or raAV aa ater, as 
is found in the village tanks or shallow Avells at least four 
hours’ contact is necessary. 

This method is cheap, reliable, efUcient, easily a])i)lied 
and harmless, and’ when added in proper proportion leaves 
no undesirable chemical substance in the Avater. The way 
it acts on Avater is complex but the germicidal effect is due 
to (a) nascent oxygen formed, 

Ca(C10)2 + CO2 + TI2O = CaCOs + 2TIC1() 

211010== 2nCl 4-O2 ; (5) free and liberated chlorine ; 
and (c) chloramine formed from Ihe organic matter in the 
Avater. It, however, makes tlie Avater a trifle hard, but 
chlorinated soda has a tendency to make it soft. 

It should be noted that chlorinated lime a\ ill not clarify 
turbid water, on the other hand turbidity and colour inter- 
fere Avith its action to a certain extent, and as has beert 
pointed out a largo amount of bleaching poAvder is required 
to purify turbid and organically impure AAater. Polluted 
wat6r therefore should first be treated Avitli preliminary 
filtration as then a smaller and more constant dose may 
be used. After chlorination all evidences of chlorine must 
disappear before the Avater is allowed for consumption. 

To disinfect a tank bleaching powder proportionate to 
the size is first placed in bags which are then attached 
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to ropes Mild towed backwards and forwards through the 
water, particular attention being paid near the edges. 
For a tank iive feet deep and one acre in extent, fifteen 
pounds of active bleaching ])Owder will suHice. For other 
purposes the re([uired <[uantity sliould be mixed witli water 
in a wooden or cement tank and tlie mixture allowed to 
settle, Avhen it is ready for addition to water in tlie required 
proportions. 

For purilication of water on a small scale make a stock 
solution with oO grs. of fresh powder in a pint of water, 
one tcaspooiiful of this will sterilise 10 gallons of Avater 
within do minutes provided the Avater is lirst liltered through 
a domestic lilter. 

Preparations like c/z/oi’o.s*, ddorion^ elect yolfjtic cJiloHiiCj 
e.tc., are prepared either from bleaching powder or from 
brine by electrolytic action. The available chlorine in these 
pre|)aratioiis A^aries from 2.5 to 10 p.c. 

Ill order to determine whetlier chlorination of water has 
been effective the folIoAving test is re([uired:— 

Fill a small eartheiiAvare or enamelled bowl with the 
treated water, about half an hour after treatment drop into 
the Avater one crystal of iodide of potassium and a fcAv drops 
of freshly preiiared starch solution. If a faint bluish-green 
colour develops chlorination has been etfective. If no bluish 
colour appears the Avater reipiires further treatment. 

7. Caicidjjii Process. — Certain metals in inlinitesimal 
doses act as [lowerful germicide Avhich has been described as 
the olifjodjfnnmic actio}}. This action has been taken advan- 
tage of in th<‘ ]>iiriiication of Avater, and the commercial 
‘‘Catadyn” products use silver either in the spongy form or 
by. impregnating unglazed porcelain or sand Avith the metal 
so as to increase the area of active surface. In this j)rocess 
minute (piantities of silver go into solution in the form of 
silver ions Avhich attract oxygen from the air dissolved in 
Avater and the bacteria are killed.. Infected Avatcr exposed 
to the action of catadyn materials show rapid diminution 
in the number of viable organisms. Even after heavy infec- 
tion the Avater becomes sterile after a few hours. For this 
treatment only clear Avater should be used, therefor(‘ filters 
are also necessary. Catadyn treated Avaters have extra- 
ordinary disinfecting ])OAvers and can be used in dairies, 
breweries, hotels, hospitals and for ice-making. It also 
removes odours. Several forms of appliances for sterilising 
water are noAv available. The simplest A^essels for disinfect- 
ing small amounts of water are Avhite glazed sterilising 
bottles or red porous earthenware jiitchers. The “Bead’’ 
type steriliser contains the elements in the form of catadyn 
oovered beads threaded on silver Avire. The beads are 
immersed in any water jug or glass {see Fig. 7). The beads 
are either left in contact for an hour or tAvo, or can be 
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immersed for a few minutes. After removal the water is 
allowed to stand for two to three hours to complete sterili- 
sation. The beads are packed in a metal box. 


Fig. 6. -Catadyn Sterilising Fig. 7.— Catadyn Bead Type 

Bottle. Will sterilise 250,000 Steriliser, 

gallons. 


8. Ozone is produced by electrical discharges in the 
atmosphere, and this ozonised air is brought into contact 
with water. It requires 1 to 8 mgrms. to purify 1 litre of 
water. It is a powerful germicide, but owing to the expense 
and the electrical and engineering ditliculties involved, this 
process is not so suitable for the puriiication of water on a 
small scale. 

9. Ihe Ulfra-Violcf Rays , — Sterilisation of water by 
ultra-violet rays is being largely used on the Continent. The 
beneticent effect of sunlight in purifying water is believed to 
be due to these rays and a special apparatus has been made 
to purify large volumes of water by subjecting it to these 
rays. It has been found that an exposure of twenty seconds 
will kill B. coli, and about thirty to sixty seconds B. suhtiJis. 
The chief feature of the apparatus is the immersion of a 
mercury vapour quartz lamp producing ultra-violet rays in a 
current of water. 

0. Adsorhents . — Charcoal has long been used as a 
iiltering medium for removal of bacteria, colour and odour, 
but in a small scale. But activated carbon has been used 
within recent years for municipal water supplies in many 
places. Five to 21 lb. per million gallons of water effectively 
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remove taste and odour-prodiicing substances. It may be 
used directly on the filters, in settling basins, midway in the 
coagulation process, or with the coagulant. Because of its 
high adsorptive power due to its porosity and large surface 
area, activated carbon removes practically every kind of 
organic taste and odour, eliminates free chlorine, and 
removes organic colouring matter and iron. It is activated 
by superheated steam or other heat methods. 

Of the different methods of purification of water boiling 
is by far tlie safest. By first clarifying the water with 
alum and subsequent chlorination a perfectly good water is 
produced which is safe for human consumption. 

III. Filtration. -Ei Itration on a large scale is accom- 
plished in different ways, the most common method being by 
means of sand filter beds, eitlicr in the form of slow sand 
filters, or in small tanks, as in tlie so-called rapid or mecha- 
nical filters. 

A. Slow Sand Filtration.— This system of filtration of 
water is known as the ‘M^higlish System” as it was in 
England that it was first introduced sometime about 1830, 
and was based on the observation that muddy water 
percolating through earth came out on a 'hill-side clear. 
These filters consist of large shallow reservoirs containing 
sand and gravel as filtering media, and the water is passed 
through them slowly from above downwards. This ])rocess 
IS called slow nitration in contra-distinction to rapid 
filtration. 

These water filters reipiire extensive tracts of land and 
are therefore usually situated in the outskirts of the city 
and located on the banks of a river ora strenm. As it is not 
desirable to run the water directly into the filter beds which 
may cause choking or clogging of the filters, the water, taken 
from the stream where there is no source of pollution within 
a reasonable distance, is first collected in seitlhKj tanks or 
large reservoirs where sedimentation occurs and most of the 
bacteria are destroyed by light and air. This sedimentation 
is the lirst step in filtration, and may be simple sedimentation 
or sedimentation with the addition of a coagulant. In the 
former process it takes about 24 to 48 hours for the suspended 
impurities to settle, specially during the rains. The use 
of a coagulant helps sedimentation to take ])lace mori' 
quickly ; and the usual coagulant em])loyed is sulphate of 
alumina. 

This sedimentation has a considerable influence on bac- 
terial life. The number of bacteria is reduced often by 
1)9 percent., the bacteriological ratio of water is altered by 
the reduction of the B, coll to a greater extent than other 
water bacteria, and the typhoid and cholera organisms are 
devitalised. All these have a marked “levelling” effect 
on water before it is allowed to pass into “filter beds.” 
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Filter Beds. — These are water- tight reservoirs, rectaii- 
li^ular ill shape, arrang-ed side by side in rows, and may be 
either open or covered. They are usually about 12 It. deep 
so as to contain the necessary liltering materials and Avater, 
and leave a margin of 2 to 8 ft. above the surfai'e of tlie 
water. The Avater should be 5 to (> ft. (o prevent excessive 
growth of algie Avhich block the li iters. They should have 
[lerforated tubular drains below for the collection of the til- 
tered water and are till(‘<l from below upAvards with tAvo 



Fig, 8. SEcrriox of a 8am> Filtku 

layers ot bricks arranged in the form of channels for the 
passage of Avater ; spaces are left betAveen two bricks, which 
are covered by a second layer. On top of this is a layer 
of gravel six inches to twelve iindies deep, Avhich acts as a 
support for the upper layer of sand so that it does not Avork 
its way down into the under drains. The thickness of the 
sand layer varies from one to three I’eet. The surface layer 
consists of tine sand. 

The action of sIoav sand lilters is threefold, eiz., ])hysi> 
cal, (‘hemical, and biological. The susyiended impurities are 
strained off by the ujifier jiortion of the tilter, and a certain 
degree of oxidation of organic matter is effected by the aid 
of nitrifying organisms. The real agent Avhich seiiarates the 
organisms is the layer of colloidal silt and slimy organic 
matter known as the ‘‘vital layer’’ formed upon the surface 
and in the interstices of the sand. This green slimy layer 
is made uj) of fungi, algie, and other Ioav vegetable organisms 
which form a zoogleal mass upon the upper layer of the 
sand and appear after three days. Therefore the filter 
acts best after the third day when this jelly-like layer 
or membrane is formed. Sand alone is much too coarse 
to arrest the bacteria, and it is not until the sand spaces 
are filled with silt and vegetable growth that the bacteria 
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are arrented. Kooli lias shown that if this surface be 
removed by scraping, or its continuity atfcctiMl in any 
way, as by excessive and irregular pressure, the number 



PiQ. 9 .— Filter Beds, (’idcntta Water Works at Ihilta. The 
plant covers 700 acres and supplies 00,000,000 gallons of filtered 
water daily. 

of bacteria which jiass through this purifying layer will in- 
crease considerably. WHien, however, this cleposit becomes 
very thick, the tilter gets clogged reaching its highest allow- 
able loss of head, filtration becomes so slow as to be un- 
economical, and the bed has to be scraped, washed, and 
cleaned. After this the water should Ixi allowed to stand 
till a fresh membrane forms before liltration commences 
again ; therefore the first ])ortion of the water should not be 
stored in the pure water reservoir. At each scrajiing about 
a quarter to half an inch of the sand is removed, and Avhen, 
by rejieated cleaning, the thickness of the layer of sand is 
reduced to about 10 in., the filter is thrown out of action 
and the bed has to be renewed to its original depth. 

Kecently juiriflcation of drinking water by means of 
filters made of silver-coated sand has been much used. 
For this ])urpose sand-grains should be 0.3 to 1.0 mm. in 
diameter. They should be washed, dried and calcined in 
0 ])en pans for about two hours and while hot treated with a 
2 p.c. solution of nitrate of silver to which a ten per cent, 
solution of spirit of ammonia is added until the solution 
becomes clear. The solution is heated to 50® C. and poured 
over the sand in the proportion of 2 to 1 of sand. Experi- 
ments have proved that the filters act not only mechanically 
but by the oligodynamic action effects complete purification. 

The description of the slow sand filter has been given 
above. It would be interesting to study the development of 



WATER 


49 


this system. As time went on three detinite principles came 
to light, and each of these principles must be satistied to get 
good results from slow sand liltration and neglect of any 
one of them would lead to diHiculty and possibly danger. 
The three principles involved are : — 

(1) The (piality of the water put on to the filtration is 
of the utmost imi)ortance. It was found that if suspended 
matter above 15 to 20 i)aits per 100,000 was present, 
especially if it contained line colloidal clay, slow sand 
filtration would not work. For this r(‘ason pr(‘pa ration of 
wa ter in some form or other was usually m^cessary, especially 
where river waters were conccuaied. Hence it was found 
necessary to have sedimentation or settling tanks. There 
are, howevtu*, two main types of sedimentation tanks, (a) the 
continuous settleimuit type, in us(5 at the Calcutta Wat<*r 
Works at Pulta. In this the water mov(‘s slowly but conti- 
nuously onwards gradually depositing its sediment, {h) The 
till and draw method or discontinuous method where the 
water is taken into large tanks and allowed to sidtle for 
cerfain nunilx'r of days and is then drawn oH to the tilter 
beds, the tanks being refilled. This method is used at 
Seranipore where the water for Ifowrah is llltered. 

(2) The type of sand used is imjiorfant. It must be 
tine — not too line and not too coarse. It must be well washed 
and should mainly consist of small sharp j)artich\s of (piartz. 
The amount ol* mica and hornblen(h‘ should be minimal. The 
size of tlie sand best suited should be P.25-0.o5 millimeter. 

(3) The rate of filtration should be a maximum of four 
vertical inches per hour. 

Slow sand filtration was widely adopted all over the Con- 
tinent of Europe after its benelits had been demonstrated. 
It should be noted, however, that its introduction was prior 
to the discovery of water-borne diseases being due to 
micro-organisms. 

The method was also widely applied in America, but it 
was often very dillicult to satisfy the three principles laid 
down abov^e, specially the first. Despite the use of coagu- 
lants, the (ilter with the sand they used inevitably became 
choked. It was therefore found necessary often to modify 
the second principle and to use a coarser sand. This was 
found to be (|uit(‘. successful with the type of water they 
were using from the Mississippi. This contained a large 
amount of silt, in fact it was so silty through the whole year 
that it was dinicultto get adequate sedimentation to remove 
the alum added. The consequence was that they had to run 
on a water containing a large amount of silt and also 
unprecipitated aluminium hydrate. Somewhat to their 
surprise they found that this along with the coarse sand 
gave quite good filtration so far as clarity Avas concerned. 
This was the origin of ^Tlapid Filtration’’ (see page 52). 

4 
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The most important factor in these lilters is the rate 
of filtration. Ordinarily the rate of How should not be more 
than 200,000 gallons per acre per hour, or four vertical 
inches, or 50 gallons per sq. ft. per day. When it passes at 
the rate of 4,800,000, gallons per acre daily it has a vertical 
movement of d.94 inches per hour. If, however, hyj)Ochlorite 
is added to the water one can increase the rate of the filter. 
The eftliient from each filter should not yield more than 100 
microbes per c.c. on gelatin plates, and the thickness of sand 
should never be less than 12 inches. It has, however, b(‘en 
found that in slow sand filters if tlu! filtrate (‘xceeds a 
million gallons per acre per day, or 23 gallons per s(|uare 
foot per day, its bacteriological quality do(‘s not reach a 
a high standard.* 

Sand filtration involves four stages, as follows : — 

1. The sedimentation of the grosser j)artieles in the 
settling tanks. 

2. Mechanical obstruction to impurities in the interstices 
of the filter. 

3. Oxidation of the organic matter in the j)ores in the 
filter beds. 

4. Process of nitrification carried on 'by the micro- 
organisms in the vital layer on the surface of the filter. 

Control of Filters . — The filtered Avater collects in channels 
at the bottom of the filter beds and passes thence through 

the containing Avail by a 
pipe Aviiich leads into the 
filter ‘Svell.’^ The height 
of Avater in this well is 
variable at Avill, and it is 
by utilising this method of 
control that the rate of 
filtration is maintained at 
a steady rate of fovr verti- 
cal inches per Jiotir. When 
a interbed is first brought 
into operation there is 
A^ery little resistance to 
the passage of av a ter, 
and if water is alloAved 
to run out of the Avell 
by lowering the sill of a penstock, it is found that about 
half inch lower level of water in the well Avill cause a 
sutficient How through the filter. This half-inch diftereiice 
of level is known to engineers as the filtration head or 
^Svorking head.” 

As the vital layer develops and the filter clogs, this 
half-inch of head does not give sufficient pressure to draw 

*8en, Indian Medical Gazette, Angnst, 1037. 



Fig. 10.— Foxtkol of Filter 
(kxlciitta Sy.steni. 
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water through tlie sand, and \vc have to increase the 
working head by lowering the sill still more until even a 
diirerence of level of 18 in. will not be enough. When a 
head of 18 in. to 2 ft. is reached the rate of liltration 
is so rapidly reduced that it is better to scrape and reset 
the iilter bed. The methods of control of working head are 
several, r/iz . — 


1. (Jalcuffa Sfjsfrni. — Here the rate of ilow is controlled 
by a valv^e in out-dow ])ipe at the base of the well. The rate 



Fig. 11. -CoNTKOL oe Filti:k 
Penstock System. 


depends not only on the 
size of the valve-opening 
but also on the height of the 
column of water in the well. 
(Control of filtration rate is 
conseijiiently irregular. The 
main objection to this 
system is that there is a 
danger of 0 ])ening tlie valve- 
oi)ening to such an extent 
that the rate of filtration 
becomes greater than four 
vertical inches per hour, 
with consecpient deteriora- 
tion of the ([uality of the 
liltered water. 


2. Fenstock Sijsteni . — Here the rate of flow is controlled 
by varying height of sill. This reipiires constant adjusting 
to give even depth of water flowing over sill, but the 
dilference of A 1> gives a true measure of the working head. 

Siphon Spstem . — Here the rate of flow depends on 
different lengths of a siyihon arm. This is adjusted to choice. 
The siphon tube is supported on lloats on the surface of 
the well. This gives a 
constant and automatic 
result. 

The Standard of Fa- 
rity . — The cfliciency of 
sand filters is deter- 
mined by comparing the 
number of bacteria in 
the raw and Altered 
water. A good Altered 
water should not contain 
more than 100 microbes 
per c.c. and very few 
colon bacilli. It is there- 
fore necessary that there 

.hould bo omclont '■ “S-ptr'X' . ’ 

vision of all slow sand 

filters. This should include systematic inspection of the 
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source, gathering: ground, i)uiiips, reservoirs, etc. Tliere 
should be a laboratory with a competent bacteriologist who 
should make a daily examination of the water sampled from 
various points of the system. All storage tanks and inter 
beds should also be under ])roper control and supervision. 

The bacteriological standard adopted for th(‘ Calcuttji 
water is the absenc(^ of lactose ferjiumlers (presumplive 
B. coll) in 10 c.c. According to the American standard not 
more than 10 ]).c. of tin* live 10 c.c. portions of water seeded 
in MacConkey bile-salt lactoses broth should show tlie presenc(‘ 
of the organisms of the />. coli group. The English 
standard r(^coinmended by tlie Ministry of Health consists of 
seeding of om^ 50 c.c. ])ortion, live 10 c.c. ])ortions, and liv(‘ 
1 c.c. ])ortions in bile-sail lactose; broth medium. This 
with the American standard, that is, tliat not more* than one 
of the tive 10 c.c. ])ortions or the 50 c.c. portion should show 
fermentation or the ])resence of presinnptive coli is more 
satisfactory. This woulel be e‘epiivalent to a ])re‘sum])l ive 
coli count of not more than two in 100 c.c. 

B. Mechanical Filters. — Mechanical or rapiel filters iii- 
clueie many type's of lilters that are* work(*d at a rate of liow 
forty to sixty times gre‘ate*r than that whiefii is usually per- 
mitted in the slow sand tilters. The‘y incluele* Pale'rson, 
Jew(*ll, anel Bell’s filters. The*y may b(‘ eitiier ]>re‘ssure* or 
gravity type. In the pres!=;nre plfcrtho, cbanibe*!* is close'd ami 
the water is elriveui through the* saml unel(*r its own lu*ael of 
pressure*. In the (jvaritij lUfer the* water is ])assed tlirough 
a coagulating basin to ope*n lilters through which it gravi- 
tates anel then led to the* ch*ar wate*r tank. With the* 
growth of population anel in ex])aneling citie;s it is founel that 
slow sand filters elo not ade‘e|uately me‘e‘t the* increasing de*- 
mand for filter water. Moreve*r, the elilficulty of getting room 
for slow sand filters, Avhich re*e|uire‘ e*xt(‘nsive tracts of land, 
is great. These* filters liave, theu’efore, re*place*d in many 
places the slow sand lilters. In this process of rapid filtra- 
tion the following steps are; inyolve*d, viz., coarpdatiofi and 
formation of '^pockf^ anel filtrafion. 

In this syst(*m the* place of the vital layer of a slow 
sand filter is taken by a liltering layer artificially maele 
by producing a tlocculent precipitate which with the colloielal 
silt tills uj) the sand interspaces, as epiartzite sanel alone; 
is unable to arrest the; ])assage of bacte;ria. The absence; 
of silt from raw water is therefore a disaelvantage and the 
alum block’ alone; cannot form a satisfactory film. These; 
filters therefore are not suited for cleared wate*r. 

There are many types of mechanical filters but the follow- 
ing may be tjiken as a typical cycle of operation. 

Raw water is pumped into one or more settling tanks 
where heavier silt is deposited and a certain amount of 
natural purification takes place. This water is then led 
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continuously into tlio plant and tlic re(|uisite dose of coagu- 
lant (aluminiuiu sulpliate 1 to f grs. per gallon of Avater) 
introduced in solution by means of a special gear. The Avater 
th(‘n passes down a pipe or mixing trough Avlier(‘ the coagu- 
lant is w(‘ll mixed and reacts Avith the calcium bicarbonate 
(tcanporary hardness or alkalinity) in the water, forming 
hydrate of aluminium, a linely divichai gelatinous precipitate 
as follows : — 

Ab(S04)3 + :^CaC03 + Al2(01T). f :5CaS()4 + ;iC()2. 

The tr(‘at(‘d wat(‘r (lows iuto a coagulating tank Avhere 
llocculation takes place during its ])assage from one sid(‘ to 
th(‘ other, Avhich occuj)ies a varying ])eriod according to the 
nature of the wal er. 

The ])ar(;ially settled Avater with as much as possible 
of gelatinous preci{)itate still in suspension is them admit- 
ted to a; series of rai)id lilters. The tilt(‘ring sand is contained 
in large woodcui or iron taidvs, and in large installations in 
special brick built tanks, so arranged that th(‘ sand can h(‘ 
washed inecha ideally. Theeftliient from the lilters then ])asscs 
through automatic regulating gear and is sometimes steri- 
lisial by chlorim‘ gas on its Avay to t he i)ure Avater reservoir. 

When the tiltiu* becomes clogged the sand is violently 
agitat(‘d by means of rak(‘s, compressed a ir or steal in, and 
lilteued wash Ava ter is admitt ed from the bottom and IIoavs 
a /way to waste oa cr the top carrying with it the dirty gela- 
tinous film. 

After washing, a new tilm is formed (this can be done 
in live minutes) and a. lilter which has become clogged up 
can be washed, t1 lined and ready for serA ice tifteen minuteas 
after. After Avashing a tilter it is ad\ isable to turn on a 
small (juantity of alum solution to enable the liltering tilm 
to be formed (|uickly. Eiv(‘, ])ounds of sul]>hat e of alumina 
Avill carpet a lilter i«S ft. x 10 ft., /.c., ISO sij. ft., and form 
th(‘ initial him Avhich is then continually built up by the 
incoming water. 

Continuous addition of alum, Avhich is done in most of 
these filters, does not give better results than when the lilters 
are worked on a ^free. Avheeling’ basis, /.c., alum roughly at 
the rate of three grains pm- gallon is added only from o a.m. 
to 12 noon, Avhile from 12 noon to Avashing time at 1.30 p.m. 
the lilters are run Avithout it. It has been found that once 
the him is formed, addition of more alum is not reipiired ; 
there is therefore a considerable saving of alum and conse- 
quently of expens(\ 

The Paterson (fravity Hystem of rapid hltration com- 
prises four distinct processes : — 

1. Addition of Chemicals. — The automatic measurement 
of the raw inlet Avater and the addition of sulphate of 
alumina solution in proportion to the How are effected by the 
ehemical measuring gear. 
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Fig. 13.— Section of Rapid Gravity Filtration Plant (Paterson System) 

A, Alumina store ; B, Alumina tank ; C, Measuring weir ; D, Alumina proportioning apparatus ; E, Crude water 
inlet ; F, Filter waste water pump ; G, Air compressor ; H, Distributing channel ; I, Scour pipes ; J, Collecting 
channel ; K, Inlet valve ; L, Filtering medium ; M, Pure water collecting system ; X, Air ; 0, Filter wash discharge j 
Q, Chlorine distributor ; R. Filter water outlet j S, Chloronome ; T, Header, 
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2. Mixing of Chemicals , — The treated water passes down 
a mixing trough j)rovided with bathe plates where the 
solution of alum is mixed thoroughly with raw Avater. 

3. Coagtilation and Sexlimentcition . — This is etfected in 
the coagulation tanks where most of the suspended and 
colloidal matters are precipitated and run olf to waste 
through sludge pipes. As explained above this is wrong 
in principle although usually followed. 

4. IHltration , — Tlie removal of the coagulated impurities 
and bacteria by rapid filtration. 

After the water is allowed to settle in settling tanks for 
about four days, the raw settled water is admitted through 
inlet pipes to the filter and enters the measuring gear. Here 
sulphate of alumina is added to tlu'. wattu’ Avhicli Hows doAvn 
the trougli and enters the disl ribution channel and then into 
the coagulating tanks. The bottom of these tanks has a 
deep slope so that the ])reeipitate colhads near tlie sludge 
pipe and is Avaslied away to waste. Tlie water enters the 
coagulating tank near the bottom and is drawn olf from a 
pipe near tlu^ surface and is ])assed into the filters. The 
length of tinie tin? water remains in the coagulating tanks 
depends on the stat(^. of the water and the time of the year. 

J^]ach filter is rectangular in shape, nu'asuring IG ft. by 
to ft., and the water is distributed on to th(‘> surface of the 
sand by means of an iron trough. 



Fro. 14.— Paterson Rapid Filter, t^ection of Filter House. 


Besides the mechanical property of entangling bacteria 
and suspended matter, hydrate of alumina fixes the colouring 
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matter, rendering it insoluble, and so eiteets decoloration 
and precipitation. Tins results in tlu‘ entire removal of 
colour from peaty ^vater. 

The operation of washing is done as under : — 

The inlet valve is shut off and the l(‘vel of Avater in th(‘ 
inter is gradually lowered until it is automatically shut olf 
by a ball valve. The outlet valv(5 is tlum closed and the 
Avaste valve above the lilter is opened. Air at about 15 lb. 
per s([uare inch is then admitt(‘d from th(‘ bottom of the 
filter and rises tlirough the sand, agitating the bed 
thoroughly. 

This agitation continues for 1 or 2 minutes according to 
the season of the year and is Hum shut off. Immedititely 
after, pure wash Avaler at about 40 f(‘(‘t head is admitted 
from the bottom and flows upwards through flu* sand and 
away to waste carrying with it the dirty lilm and other 
Impurities. This Avashing is continued for t to 5 minutes. 

The waste valve is then closed and Avater from the coagu- 
lating tanks Avith a supplementary feed of sulj)hate of 
alumina is then admitted and the new lilm alloAved to form 
Avhile the elUucnt from the filter is run to Avaste for a leAv 
minutes before being admitted to the ])ure water channel. 
This channel opens into a Avell-])roi ected underground reser- 
voir made of brick and cement and provided av ith 0 ])enings 
for ventilation. 

Just before allowing the Avater to ])ass into Ihe filtered 
Avater reservoir a definite (piantity of hy])ochlorite of lime 
is added. 

The advantages claimed for ra]>id filters are : — 

1. Small area of land is required. 

2. No settlement tanks are necessary. 

J. Filtration is continuous. 

4. The liltering material does not reijuire changing, 
and is thoroughly cleaned in a fcAv miniif es. 

5. They are cheap and eflicient, and therefore esiiecially 
adapted to those cases Avhere the cost of land is high, and 
Avhere the water is so turbid as to reciuire large settling 
tanks. 

Common defects of rapid filters are : — 

1. Coagulating tank is too big and the ‘flock ’ settles out 
before it reaches the surface of the inter Avhere it is Avanted. 

2. Over washing. It is not necessary to Avash aAvay all 
the existing “flock” but it should be alloAved to resettle. 

It should be noted that the performance of the pressure 
Alters even under most careful management and supervision 
is irregular. When dealing Avith a fairly clear raw Avater 
the addition of full dose of alum never arrests more than 
90 p.c. of bacteria and often less, a result equalled when 
no alum is used. It is therefore desirable Avhen the Avater 
is used for drinking to save the money spent on alum and 
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spend it on clilorinatioii. The addition of 0.4 ])art per 
million to the liltered water Avould give a sterile Avater. 

The Jeundl Granitu Filter.— 'VU‘ii> is (“ircular in section and is made 
of steel, 'file layer of sand or criislied (|uaitz is about three feet 
deep resting on a thin bed of grav(‘l which in turn is supported by 
tludiranching outlet pipes with lironze st laiiiers enibeddcal inconertde. 
The cycJe of operation is as described ahov<‘. 'f he washing is effected 
by (dosing th(‘ inlet and outbd valv(‘s and o[)ening tin* washout valve. 
Filtered water is then admitted under sulticient pressure^ from below 
whi(di jiercolates upwards through tln^ sand whi(di in the meantime 
is vigorously stirred by rods depending from four radial arms r(‘Vol\- 
ing about, a (uuitral shaft, 'flie ralv(‘s, as th(‘y ar(‘ gemually called, aie 
worked by means of a small engims t urhim* or motor. 

The .Isirell PresHure Filter. — 'flu' term tilter’’ is used to 

denote a tilter which is entirely enclosed, so that it can b(‘ placed on 
the pumping main. It does not imply that water is forced thiough 
the tilter with a big diftViimce of ]>ressur<‘ on each sid(‘ of the sand 
and lilm. 'Idie tiltratiou In^ad must m^vm' exceiul the maximum 
allowed in a. gi.ivity type of tilter. 'fliese filtcus are very conveni<‘iit 
foi‘ commercial installations wlnua* th(‘y hav(‘ to clean turbid \\at<‘r 
and render it lit. for use iii boilers, etc. 

'rh<‘ action of a pressure lilter is idcoitical witli th(‘ gravity tilter. 
the only dit‘fer(MiC(‘ being that, the forimu- is (mtiredy closed, 'fhe raA\ 
water which r(M*eiv(‘S its dose of coagulant by means of a pump, pass- 
es on to the top of the sand and forms a gelatinous tilm without pr(‘- 
viously passing through a. coagulating tank, 'fhesi* lilt (os th(‘refor(‘ 
clog up inor(‘ rapidly than gravity tiltcus as all thi^ work is d()n(‘ by 
the (ilt(‘r its(‘lf and t iKuad'oia* laupiiia^ to be (tleaned more fi (‘(]uently. 



Fi(}. 15 .— Section of Fanoy SiN(iLK-nKD Filtek 

The Canchj Since? oxidation plays a very important ]mrt 

in the purification of water contaiiung organic matter, the object 
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of this tilter is to replace the ordinary inert filtering medium, sand 
or crushed (piaitz, by one that has liif?h adsorptive powei*. It also 
contains oxytren which can communicate itself to the percolating 
fluid. Two materials known as Polarite (magnetic oxide of iron) or 
Oxidinm^ suhstances similar to cliarcoal in their power of adsorbing 
air, have been used witli success in the puriftcation of waters contain- 
ing iron, peaty matters and small traces of sulphuretted hydrogen. 

The flltei ing media jiie divided into three layers ; the lower layer 
is of sand and line gravel similar to an ordinary filter. The middle 
layer is of polarite and th(‘ top layer of sand and gravel. The Oandy 
tilt(‘r is a pressure Alter. The raw water after ha ving r(‘ceive(i its dose 
of abim comes in under pressure and |)Msses over tlie first layer of sand 
where a layer of Aim is formed and where most of the suspended im- 
purities are deposited, leaving the polarite to deal with the oxidisable 
matters. Ilelow the polarite is the finishing layer of line grit to entra|) 
any oxide of iron that may have separatml. A fter running some hours 
means have to be ])rovided to recover a fr(‘sh supi)ly of oxygen when 
the polarite has its(‘lf been reduced to a, lower oxid<‘. Tiie Altering 
layers are Arst cleansed by a reverse^ current of water. No rak<‘s or 
stirrers are used, tln^ pressure' of xvate'r Ix'ing suflicient. After running 
for ten minutes tin' lilteu’ is drained and air is alloweel to ent(*r. 
Water under pressure is then force'd in from the' bottom of the* filter 
so as to compress th(‘ air and so promote its adsori)tion by the ])olarite 
and also increase' its solubility in the water with which ii is in 
contact. 'Phis process is repeated, 'fhe' tinier reepiired for washing 
is about ten minute's and for aeraiion about eight minutes, afte'r 
whiedi the Alter is ready for use'. ' 


ClILOKlN ATION OF MUNIOllWL W.VTFK Sl PPLY 

The treatment; of municipal water-supply by chloriuatior> 
is a moderu process and was tirst used at Liucolii by Iloustou 
to disinfect the water xvorks system which had become 
infected by typhoid organisms. Subsequently the use of 
chloride of lime for purification of water both by itself and in 
conjunction with liltration became very ])opular in America. 
During the last war it was used with much success. Indeed 
during the war the water-supply of London was chlorinated, 
primarily as an emergency measure, but the successful and 
economical results obtained led to its adoption as a routine 
])rocess. Its use has now been extended to many towns in 
India, Hz. Simla, Delhi, Calcutta, etc. 

For the treatment of water, chlorine is usually utilised 
in one of the following forms : — (1) As a hypochlorite, 
such as bleaching powder ; (2) in the gaseous form ; and 
(3) as chloramine. There are, however, certain disadvan- 
tages attendant on tlie use of hypochlorite, viz, (a) it is 
unstable, only 33^ p.c. of chlorine being available under 
the best coinlitions ; (h) the variation in the chlorine con- 
tent due to climatic conditions militates against precision 
of application ; and (c) its use involves the preparation 
of pastes and solutions entailing labour and special equip- 
ment. When used in the gaseous form chlorine is free 
from these objections but requires a delicate plant for 
efficient working. Under the patent name of “Chloronome’^ 



watp:k 


5i> 


the Paterson P]ngineering Co. have devised a sj)ecial appa- 
ratus for regulating, raeasuring and administering chlorine 
gas for water-supply, and in this form is largely used in 
conjunction with various forms of 
rapid filters. Chlorination of water 
on a large scale can only be used 
economically when the labour re- 
quired for mixing the solution is 
cheap. But unless under expert 
control the dosage will bo irregular 
from either overdose or under- 
dose. 

Chloramine (NIT 2 CI) j)roduced 
by the interaction of ammonia and 
chlorinated lime is one of the most 
X)owerful germicides known, and 
is probably the cheapest form in 
which chlorine can be utilised for 
water treatment. Ammonia tends 
to prevent the chlorine from being 
used up too rapidly by various 
substances in solution in water 
and allows it to act better upon 
the micro-organisms present. 

The dosage required depends 
upon a number of factors, the most 
important being the purilication 
desired, the amount of oxidisable 
matter present, the contact period, 
the temperature of the water, and 
the method of admixture. Pkirther 
if chlorination is used in conjunction with other forms 
of purification the dosage required will be smaller in pro- 
portion to the purification effected by the other ])rocess. 

In the various processes of water treatment for public 
supply there are many difficulties which have to be ov(u- 
come arising through the varying character and quantity 
of the organic contents of the water. This s])eciallv ap])lies 
to the sterilisation of water by means of chloiiiu*, or 
hypochlorites. Chlorinated water sometimes ac([uir(‘s the 
unpleasant taste of iodoform, due to the absorption hy tin* 
water of gases or other substances from the air, either 
directly, or indirectly through the medium of rain fall. 

The taste and odour of chlorinated wa ters are either chlo- 
rinous, due to an excess of chlorine, or that of iodoform. 
A minimum of 0.3 part per million may make the water 
chlorinous. Iodoform taste is due to the presence of some 
constituent in the atmosphere which combines with the 
chlorine added to the water. This constituent is probably 
phenoloid in character derived from gas works or from 
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imperfectly burnt coal. Houston and Adams have shown 
that the air in London contains substances which when 
absorbed by water react witli chlorine to produce an iodo- 
form taste. In fact rain water may absorb enou«:h of these 
substances to give, Avlien added to tap Avater in the propor- 
tion of 1 p.c., an iodoform taste in the presence of free 
chlorine. 

Tlie bad taste and odour of Avater are removed by ammo- 
nia chlorine, activated carbon, aeration, super-chlorination, 
ozone and potassium permanganate. Ammonia cldorine 
{cliloramine) is extensively used as it has the advantage of 
preventing chlorine and chlorophenol tast(‘s, retards or pre- 
A^ents the aftergroAvths, and reduces tlie amount of chlorine 
necessary to sterilise the Avater, and is possibly more eifectiA e 
than chiorine alone as a bactericide and allows a high 
residual chlorine to be maintained. It is generally applied 
after filtration, ammonia being lirst added as ammonium 
suliihatc or ammonia solution in the proportion of 1 to d. 
Super-chlorination followed by de-chlorination by sodium 
bisulphite, sodium thiosulphate, or SO 2 is used when there is 
considerable [lollution, or tlie natural taste or odour of the 
Avater is very ])rononnccd. In using these mehsures it should 
lie remembered that each taste ami odour condition is an 
individual problem requiring careful study to determine the 
best and most economical method of treatment. Activated 
carbon is used for the removal of practically all kinds of 
organic tastes and odours, chlorophenol and algal tavstes, 
organic colouring matter, and iron. Aeration is also used for 
the removal of certain tastes but it is not successful in all of 
(hem. The iodoform taste is removed by treating the water 
Avith potassium ])ermanganate, before, Avith or after the 
chlorine in the proportion of 2 to <S pounds per 1,000,000 
gallons. 

Chlorination and filtration. — 1. The initial cost of 
chlorination is cheaper by i to o ji.c. of liltration jdant of 
equal capacity and eiliciency. 

2. The maintenance cost is in the same ratio. 

Chlorination provides positiv^e jirotection against acci- 
dental infection. 

The most economical method of purifying polluted sup- 
lilies is to rely upon chlorination for bacteriological purilica- 
tion and depend upon tiltration for the removal oi turbidity, 
colour, etc. In this Avay sIoav sand filters could be operated 
at much higher rates, and the enlargement of purification 
Avorks Avhich would otherwise be necessitated by an increased 
population could be avoided. 

Chlorine treatment should be regarded as a supplementary 
process to, and not as a substitute for, liltration. Whenever 
TAOSsible the chlorine should be applied to the liltrate, 
because, 
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{a) the liltered water has a more constant organic content 
than the raw supply, and tlie dose can be regulated better ; 

(h) the amount of chlorine reciuired is considerably 
reduced ; and therefore 

(c) less likely to impart any taste to the water. 

Domestic Filters.— A domestic hlter to be satisfactory 
must keep back all germs, and the substances that are used 
for the purpose are some form of infusorial earth, clay, 
porcelain, or patent combinations ot porcelain and clay. 
Water liltered through animal charcoal becomes decolourised^ 
but the charcoal loses its oxidising property and adds to the 
water phosphate of lime which favours growth of bacteria. 

The essential features for a good lilter are : — 

1. It should be strong and comj>act and sim])le in cons- 
truction to allow of easy cleansing and re-ad.just aunt. 

2. It sliould be constructed of some stable and efficient 
material having the power to ])urify water to a high degree. 

3. The liltering medium should not reciuire Iriaiuent 
changing, and neitlier it nor the receptacle should impart 
anything injurious to the water. 

I. It should be cheap and its puri- 
fying power fairly lasting. 

1. The Paste ar-Chamberland Filter, — 

This consists of j)orous tubes or bougies 
of unglazed porcelain. These tubes can 
be screwed on to a tap. Its action is 
purely mechanical, as it sepaTates even 
very line particles of suspended matters 
and bacteria. Unless there is some 
pressure the interacts slowly ; 20 to 40 
pounds of pressure per square inch will 
lilter about 3 (juarls of water per 
hour. The candl(‘s should be cleaned 
by brushing with hot water and then 
sterilised by boiling in water contain- 
ing some sodium carbonate. It is a per- 
fectly reliable lilter, as it frees water of 
all bacteria. Muddy water should first 
be cleared by j)assing it througli closely 
packed coarse sand or other material, ^ 
otherwise it will form a coating outside 
the liltering material and will block the pores. 

2. The Berkefehl Filter . — This consists of a cylinder 
made of infusorial earth ; but the cylinder wears thin by 
constant cleaning and gradually ceases to lilter efficiently. 
The candle should be sterilised by boiling every third da>^ 
Muddy water, if not previously clarilied, would clog up such 
a filter rapidly. 

Of these two filters the Pasteur is more reliable and 
durable than the Berkefeld, but the Pasteur filters very 
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^slowly and is practically useless unless the water is put 
under pressure. Horrocks has found that when sterile water 
is inoculated with typhoid bacilli and 
run daily through a Berkefeld filter, the 
bacilli ap[)ear in the filtrate in one to 
two weeks ; this is not the case with 
the Pasteur. The Berkefeld, on the 
other liand, requires no additional pres- 
sure and is more rapid in action, but 
the pores being more open, after it has 
been in use for a few days, may allow 
some organisms to api)ear in the filtrate. 
This perhaps, is due rather to the 
growth of organisms in the pores of 
the filter-candles than to their direct 
passage. Being made of infusorial earth 
they are more liable to fracture. 

3. The Fonr-ghurra Filter . — It con- 
sists of four unglazed earthenware 
I ic. IS.— ifijRKEi ELD vessels j)laced one over the other on a 
* wooden frame, each one having one or 

more holes at the bottom stufted with cotton-wool or straw. 
The ''top one contains the unfiltered water which has been 
strained through muslin. The second one is half filled 
with powdered charcoal, and the third one contains fine 
sand and a layer of small gravel underneath. The lowest 
one is the receiving vessel. This filter is largely used in 
villages, but it should be avoided, as it is not reliable and 
gives a false sense of security. 

The idea that domestic filters do not require any atten- 
tion or cleansing and that the filtered water is always above 
suspicion is erroneous. For the pores of the filter very 
often got clogged with foul materials which afford a suitable 
nidus for bacteria to flourish in, and the so-called filtered 
water becomes decidedly worse than the original one. This 
happens particularly when animal charcoal is used as a 
filtering medium. 

Public Swimming Baths. — As a rule there is no proper 
arrangement for purification of the water in these baths, the 
tank being only refilled with fresh water and the frequency 
of refilling depends upon the physical appearance of the 
water. But the colour of the water gives no indication of 
its bacteriological purity, although transparency of the 
swimming-bath water is also equally important. Pollution of 
swimming baths may be from water already polluted at the 
intake, or the water may be contaminated from surface 
drainage, dead animals, etc., or from the persons of bathers. 
Bacteriological examination of bath water has shown 
the presence of the following organisms derived from, (1) 
skin contamination, viz. Stuphijlococcus pyogenes aureus^ 
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Epidermidis alhus and members of the proteiis group ; (2) 
normal saliva, vis. Streptococcus salivarius, Staphijlococctis 
pyogenes aureus and a gram negative diplococcus ; (3) fsecal 
eontamination, vis, B. coli communis, B, pyocyaneus, 
Streptococcus foecalis and proteus, Tiiese organisms tliougli 
for the most part are the normal saprophytes of the human 
body, are yet capable, under certain conditions, of becoming 
pathogenic, specially when resistance is lowered by chill 
duo to exposure and too long stay in the water. Cases of 
conjunctivitis, sinusitis, otitis media, infectious sore-throat 
have been attributed to the use of swimming bath. Though 



Fig. id.— Indoor Swimming Bath. 

Note the clarity of the water which enables marks in tfn^ marble^ 
to be seen through a depth ot nine feet, ((’ourtsey of 
Export Filter Co.) 

rare, typhoid fever, dysentery, skin diseases, vulvo- vaginitis, 
trachoma, etc., have also been traced to the use of public 
swimming bath. 

The American Public Health Association, through their 
Committee of Bathing Places, exercise a powerful inlluence 
on the adoption of a high standard of bath sanitation. They 
have recommended a system of regulations as regards bath 
construction, pool disinfection, sanitation, the use of 
continuous filtration and supervision of bathers. Natural 
purification can only be possible when the tank is large and 
contains natural pond vegetation. Formerly emptying and 
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retillin;^' of tlie bath daily was recommended, but this Avas 
found to be very expensive and less eilicient tlian the 
modern methods of continuous nitration combined Avitli 
aeration and chlorination. Small baths may be made 
tolerably pure by simple chlorination cither with bleaching*' 
powder or with sodium hypochlorite. The water, however, 
does not remain clear for prolon^^ed periods and re([uires to 
be chan^j^ed before it becomes so turbid that the bottom of 
the batli at the deepest part becomes invisible. 

Chlorine is the most reliable a^^ent for disinfection, and 
the concentration necessary to kee]) the water pure is 0.2 
part per million. Braxton Hicks {BrHish Medical Jotunah 
Sepf. 30, 1033) and others maintain that when the concen- 
tration of chlorine is below O.d part per million of Avater, 
sterilisation is imperfect. On the other hand Avhen it is 
above 0.5 part ])er million the bather complains of smarting 
of eyes, and nausea if the Avater is SAvalloAved. Moreover 
the atmosphere of the bath becomes nauseating and irritat- 

In order to maintain constant chlorination at a proper 
tigure it is necessary that some automatic device should be 
em])loyed, or the amount of free chlorine ip the bath and in 
the tilter effluent should be determined at least three times 
a day, and strict supervision made of the bathers. Every 
bather before entering the XAOolvshould clean himself by the 
use of soap and shower bath, for which amy)le provision 
should be made. Bathing costumes, towels, etc., are respon- 
sible for polluf ion of Avater ; therefore these should ])e clean 
and fr(\sh. Arrangement for their pro])er disinfection should 
l)e made. The iniy)ortance of attention to the calls of nature 
before the ])reruninary ablution, and the avoidance of ex- 
l)ectoration and bloAving Avater out of the mouth in the 
bath are a few details which should be enforced. The bath 
should be away from dusty roads. 


Tue Examinatiox oe Watkh 


For liygicMiic parpos(‘S tho cxaininalion of wafer is generally done 
under the following heads 

A. Pliysica! examination. 

H. t-hemical examination. 

Mieroseopical examination. 

I). Haet(‘riologiral examination. 

Collection of Sample. —Take a clean Winchester (piart bottle of 
AA^hite or ])ale green colour Avith a stopper or a perfectly n(^AV and 
clean cork. Rinse it three or four times Avitli the Avater to be 
examined. If tlie sample has to be taken from a stream, lake, or Avell, 
the stopper should be inserted and the !)ottle placed Avell under the 
surface of the Avater and then filled AAuth Avater, care being taken not 
to stir up any sediment. In rivers take from midstream or at a 
reasonable distance from the shore. In towns the sample should be 
taken from the mains or stand yiosts or taps. When collecting from a 
tap, alloAv^ the water to run for a few minutes before taking the 
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sample. Fill the bottle quite t'nll and leplace the stopper wliich will 
make room for itself. 

No sealiiitj: wax or grease should he ap])lied to the stopper. It is 
best secured by a covering? of clean liiuai or by an india-rubber cap 
and then sealed. 

The bottle should be kept in a cool dark place, if possible in an 
ice box. Tlie examination should be uiuhutaken as early as possible 
after the collection of the sample. 

'fhe following information should always be furnished with the 
samph^ of water : 

(a) Source of water, i.e., whether from a tank, or a well, etc, 

(?;) (Geological formations of the neighbourhood, so far as known. 

(c) In case of a well, its depth, diameter, strata through which 
sunk, how used, and depth of the wattu*. 

(d) Possibility of impurities reaching the water ; in case of a 
well its distance from cultivated land, cesspools, drains, privies, etc. 

(e) In case of surface or rain water, method in which the water 
is stored. 

(/*) Meteorological conditions, whether there has been any rec<‘nt 
rain or flood. 

(fj) A statement of any existing water-borne^ dis(‘;ise in tlu‘ 
neighbourhood, or special reasons for r(‘quiring analysis. 

Fach bottle should be distinctly labelled to corre'spond with the 
official letter. 

A. Physical Examination of Water, 'fhis, by itself, cannot form 
a basis of opinion, but brilliant, clear, non-smelling and highly aerated 
water only is fit for human consum|)tion. Note^ the following: 

(а) Colour. -Pour the water into a colourless glass tube about 
2 ft. deep, placed on a white plate, and note the colour. The long(*i“ 
the tube the better is the colour noticed. In small (piantities ])ure 
water is colourless but has a greenish tinge wlien viewed in bulk. 
A yellow or brown colour generally indicates contamination with 
animal organic matter, mainly sewage, but may also b<‘ due to 
vegetable matter or salts of iron. 

(б) ClearuesH. — Shake a small quantity of water and note whethei* 
it looks ha/iy or not. Heavy sediments rapidly fall to the bottom. 
Turbidity is generally due to clay or silt, minute particl(‘s of organic 
matter, micro-organ isms,, etc. 

(c) Lustre or hrlllianc\j.—'^in\\o water is distinctly dull or of 
slimy appearance. (Tear and sparkling xvater contains (’0., and air. 

{d) Taste and smell. — The j)urest water is without any tuste or 
smell but it is insipid. (Gases held in solution and mineral matters 
impart the taste to most waters. Any sinell in xvater is objection- 
able, and is chiefly due to the growth of alga*, and [)rotozoa. 
(irowtli of algm giv(‘S to the water a disagreeable and nauseous taste 
and smell. Crenotlirix and Cladothrix dlchotonia also impart a 
disagreeable odour and taste. An offensive water in a well or tank 
indicates stagnation at the bottom or the presence of dead animals. 
Hydrogen sulphide and other inorganic compounds may also impart 
offensive odour to the water in deep wells. (Tilorinated waters 
sometimes acquire an iodoform taste. 

B. Chemical Examination of Water : * 

(a) Reaction. — 'Vhis is taken with litmus paper, or by dropping 
a solution of phenolphthalein which when added fo water having 
the faintest trace of alkali will turn it a delicate pink. Nowadays 
the, acidity and alkalinity of water is expressed in terms of hydro- 
gen-ion concentration. At 2VC. pure water contains 1.0 x TO ’ of a 
gramme of free liydrogen-ion per litre which is represented by 
or hydrogen-ion concentration. Such negative figures are difficult 

♦This description is given for ready reference only. For more complete 
information the student should consult “Public Health Laboratory Practice” 
by Stewart and Hoyd. 

5 



()(> HYCIIKNE AND PUBLIC HEALTH 


to deal with in practicis so the potential of hydrogen-ion concen- 
tration is taken as the standard. The hydrogen-ion concentration 
potential or pH is the decimal logarithm of the reciprocal of CH, and 
in the case of freshly made distilled water the pH = 7.0. But its 
equilihrium is very soon disturbed and it becomes acid by absorbing 
00, when its pH becomes lower, or may become alkaline when its 
pH becomes higher. 

Most, waters are neutral or faintly alkaline. Peaty waters are 
frequently acid. Acidity may be due to humic acid or to 00, ; if due 
to the latter it will disappear on boiling. Alkalinity may be due to 
the presence of sodium, calcium or magnesium carbonates in solution. 

(6) Hardness.— T\\i^ is due to the presence of carbonates of 
calcium and magnesium held in solution as bicarbonate by the 
dissolved (T),. This hardness is removed by boiling. ‘"Total 
hardness^’ is that which is present before boiling, and that which 
remains after boiling is called “permanent hardness.^’ The amount 
of hardness is generally expressed in degrees. (Clark’s soap test 
is employed in (letermining the amount of hardness. This consists 
of a standard solution of soft soap in a mixture of methylated 
spirit and distilled water in the proportion of 4 and 6 respectively. 

To determine Total Hardness. — 'i'ake 100 c.c. of water in a stop- 
pered bottle, to this add soap solution from a burette with constant 
shaking till a sullicient lather is produced on the surface and remains 
intact for live minutes. 4'he numlier of cubic centimetres of soap 
solution used minus 1 c.c. gives hardness per 100,000 parts. 100 c.c. 
of divStilled water would require 1 c.c. of standard soap solution 
to form a lather. 

Each degree of hardness necessitates a loss df a pound of soap 
for every 1000 gallons of water. 

Fermanent Hardness.— Ho\i 100 c.c. of water for 15 or 20 minutes, 
filter and add distilled water to make up the loss by evnporation. 
The hardness is estimated with standard soap solution as above. 

Temporary Hardness.— Vho. difference between the totnl and 
permanent hardness is the temporary hardness. 

According to Clarkls test each degree corresponds to the soap 
destroying power of 1 gr. of CaUO., in 1 gallon of water. When it 
is less than 10 degrees the water may be considered soft or mode- 
rately soft, when 10 to 15 degrees moderately hard, when 15 to 20 
degrees hard, and over this figure very hard. 

(c) Chlorides are always present in small quantities in all waters 
except distilled water. Near the sea coast rain water may also 
contain traces. It gives a wliite precij)itatc xvith a solution of nitrate 
of silver. The examination is done on a white porcelain dish and 
the Avater must be neutral or faintly alkaline. If the water is acid 
it should be made alkaline with sodium carbonate as silver chloride 
is soluble in acid. The silver nitrate solution is <lropped into a 
measured quantity of water tinted a faint yellow by the previous 
addition of a tew drops of a solution of cLromate of potash. As 
long as tluye is chloride present in the Avater Avhito precipitate of 
silver chloride is formed, but the moment the amount of soluble 
chloride is used up the liquid acquires a reddish tint from the 
formation of red silver chromate. 

Chlorides sire derived from sea Avater, sewage (urine) or from 
salts in the soil. It is impossible to draAV any inference as to sewage 
contamination from the presence of chlorides sdone unless one knoAvs 
the amount ordinarily present in Avater from the same source. 
Although sodium chloride is found in the urine, considerable pollution 
must take place before it can be detected by an increase of the 
chlorides. 

(d) Nitrites.-- Vh(d presence of nitrites indicates putrefaction of 
nitrogenous organic matter as a result of bacterial action. Their 
presence is an CAddence of a transitional stage in the oxidation 
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of organic matter between ainiiionia and nitrate, /.e., incomplete 
oxidation of protein. They are, however, never ])resent (‘xcept in 
small quantities, as they are soon convanted into mor(‘ stabl(‘ nitrates. 
Therefore water containing nitrites, except when not due to the 
presence of iron, should always he condemned. Tin* preseinn* of 
nitrites may also he due to the reduction of nitrates hy ferrous salts. 
During the decomposition of nitrogenous organic mattei*, a large 
part of the nitrogen passes off in tin* gaseous state, the remainder 
along with hydrogen forms ammonia compounds. Nitrites are 
detected hy adding to UK) c.c. of the sample dilute sulphuric acid 
and a few drops of metaphenyh*iie-diamim‘, when a y(*llow colour 
is produced on standing. 

(e) ATi^rafes.— Nitrates are the end products of oxidation of all 
animal matters. If nitrates are present in large amount and ammonia 
is very small, the import is that the wa<(*r has been containinated 
before and the ultimate product is l(*ft behind. The presence of 
nitrates alone indicates that the contamination is of long standing. 
Sometimes their presence may be due to water which has ])erjneated 
a stratum containing nitrites, c.r/., oolitt*, red sandstone, etc. Nitrates 
and nitrites are never present in raw sewage, and if they aia* found 
in water with an excess of ammonia it means tliat the water has 
been contaminated with sewage or animal refuse. 

'fest.- -For this two solutions are required, (a) 0.1 grin, of naphthy- 
lamine in 20 c.c. of distilled water to which loO c.c. dilute acetic 
acid is added; (h) 0.5 gnu. of sidphaiiilic acid in 150 c.c. of dilute 
acetic acid; 1 c.c. each of above solutions added to 50 c.c. of the 
sample gives a pink colour if nitrat(*s are present. 

(/’) Aynmonia is detoct(Ml by adding NessleFs solution, which gives 
a yellow or brown colour according to the amount i)resent in tln^ 
water. Sewage and manurial matter yield free ammonia, on distilla- 
tion, but by the action of an alkaline solution of potassium perman- 
ganate on the albuminous matter a further (piantily of ammonia 
may be detected. This is called onjanic or albuminoid amnionia, as 
distinguished from frm or saline amnionia. Traces of ammonia may 
be detected in almost all waters, especially rain water; therefore 
its presence alone cannot be taken as an indication of animal pollu- 
tion. Besides this, water which has been stored for some time in 
metal vessels will yield amnionia due to the l eduction of nitrate by 
the metal (as /nnc, iron, lead). But in these cases traces of metal can 
also be detected. These impurities absorb much oxygen from an acid 
solution of potassium permanganate, calhul ‘q)xygen absorbed.^^ 'ihie 
amount of oxygen recpiired to oxidise organic matter in a good water 
should not exceed 0.5 part per million. But in upland surface water 
this limit may be exceeded owing to the presence of organic matter 
of harmless nature. Iron salts, sulphuretted hydrogen and peaty waters 
also absorb oxygen. Hiihilarly variations in the temperature and re- 
action of the water make the permanganate solution part with its oxy- 
gen readily. The determination of ‘‘oxygen absorbed’^ alone is not a 
reliable index of the real amount of pollution present. 1'he amount 
of fre(^ and albuminoid ammonia and of “oxygen absorbed’^ should b(^ 
considered together in forming an opinion as to the jiurity of water. 

Tests. — U) Free Aynnionia. VVacc 250 c.c. of water in a boiling 
flask and distil over 50 c.c. The amount of ammonia is determined 
by the process of “Nesslerisation,’^ which consists in adding to the 
distillate 2 c.c. of NessIerVs solution, and imitating the depth of colour 
produced by adding Nessler^s solution to pure distilled water to which 
<le(inite quantities of solution of ammonium chloride have been added. 
The water remaining in the retort is used in the test of 

(ii) Albuminoid Distil over another 50 c.c. and pour 

into the distilled water bottle. Add 25 c.c. of alkaline potassium 
permanganate solution and distil olf two 50 c.c. Nessleriso as 
before. 
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The ainouiit of aminonia obtained in the above two experiments^ 
multiplied by 0.4 gives the aminonia in 100,000 parts of water. 

((/) Copper.— To 100 c.c. of water add a few drops of acetic acid 
and 2 c.c. of a fresh solution of potassium ferrocyanide, when a 
chestnut-brown colouration is obtained. 

(h) Lead.— If no reaction is obtained in the above for copper^ 
test for lead, (i) Take 100 c.c. of water, acidify with acetic acid and 
add a few drops of potassium chromate and stir. A yellow turbidity 
indicates the presence of lead. If lead is present in lair amount a 
yellow precipitate is obtained, (ii) Add H^S to water ; if there is a 
trace of lead it tinges it brown, and forms a black precipitate when 
much lead is present. It is not affected by acids. 

(i) /ron. -If neither copper nor lead is detected, test for iron. 
Take 100 c.c. of water, add to it 5 c.c. each of nitric acid (1 in 5) and 
10 per cent, solution of potassium sulphocyanide when a dark red 
colour is produced. A dark colour is produced by ammonium 
sulphide, and a blue colour by potassium ferrocyanide. 

Iron is sometimes present in natural waters when it gives the 
water a chalybeate taste. It is present in tube well and deep well 
water. Its presence caiuses hardness of water and deposit of iron 
oxide. It may occur both in organic and inorganic forms, the organic 
salts may be present in colloidal form. Its presence up to 0.25 gr. in 
a gallon can be detected by taste and should be condemned. Iron is 
removed by aeration and subsequent sedimentation and tiltration. 

Total Solids in mater.— 'fake a known quantity of water, say 100 
c.c.,and evaporate to dryness on a weighed platinum dish. Weigh the 
solids. It is bett(U‘ after the evaporation to transfer the dish and its 
contents to an air-bath heated to about 250^F. by which the water 
residue is thoroughly dried. The basin is then withdrawn, rapidly 
cooled and \yeiglied. Increase in weight is the weight of the solids. 
After weighing the perfectly dry residue, the contents may be gently 
ignited and any change of colour noticed. White incrustation indi- 
cates mineral matter, while charring indicates organic matter ; and 
the smell evolved may give a rough idea as to whether the organic 
matter is of animal or vegetable origin. 

(/) Lime is present in most waters as bicarbonate or sulphate. 
When in excess it makes the water hard and causes constipation. 
The presence of a small amount of lime either as bicarbonate or sul- 
phate in the water is benclicial. Entire absence of lime salts makes 
the water very soft. 

Its presence is detected by the addition of ammonium oxalate, 
when it will make the water turbid or give a precipitate according to 
the amount present. 

C. Microscopical Examination of Water.— This is best done by 
centrifugalising the water, when all its suspended matters fall to the 
bottom of the tube, 'fhe grosser matters, as clay or sand are easily 
recognised by boiling the water, when they sink rapidly to the 
bottonn Sediments can also be obtained by allowing the water to 
stand for some time in a conical vessel. Suspended sand or clay gives 
yellowish white turbidity, sewage generally a light brown, and 
vegetable matters or peat a blackish colour. 'Idle presence of spores 
or rnycelia is due to contamination with sewage, and the most 
suspicious eleinents are the remnants of vegetables used for food, e.p., 
spiral cells of cabbages, cauliflowers, etc. Detection of these cells, 
as also of fibres of cotton, linen, wool, hair, starch granules, etc., can 
be made under a microscope. 'Fhe presence of parenchymatous tissues, 
spiral cells, and yellow elastic tissue indicates contamination with 
faeces. Animal substances, e.g, wool, hair, yellow elastic tissue, etc., 
generally indicate recent contamination. 

p. Bacteriological Examination of Water.— A bacteriological ex- 
amination of vyater is undertaken to find out the purity or otherwise 
of a sample of water and of its fitness for drinking purposes. It is 
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well-known that drinking water is often polluted with organisms of 
many water-borne diseases, and produces in man, when such a 
contaminated water is taken, diseases lik(‘ cholera, tyj)hoid fever, 
dysentery, etc. Besides these disease producing organisms, water 
may also contain various kinds of worms or their eggs, which in man 
give rise to various morbid syin])toins. 

Various kinds of bacteria are present in waler. Some are present 
in call Avaters, however pure tlie water may be ; thes(‘ ai(^ the natural 
water bacteria, and their prescmce is of no sanitary signilicance. 'fhen 
tliere are the soil bacteria^ added (o water from soil washings. 
Finally th(‘. sewafje bacteria, found in wal(‘r poIIul(*d n Ith sewage or 
excr(‘ta of men and animals. Tin* object of ba(d(*riological examina- 
tion is to ascertain the {)resence or otherwise in wat(‘r of organisms 
derived from sewage. 

Roughly speaking two classes of organisms are ])resent in s<*Avage : 
(1) pathogenic organisms like ty])hoi(l, and (2) tin* bactei ia normally 
present in stools like it. co//. Fnfortunately the methods at pi(‘sent 
available for the isolation of the pathogenic i)acteria arc* both ditticult 
and uncertain. Further, a water that is occasionally polluted with 
sewage may not show these germs at tht* time ol‘ analysis, as the 
latter may not always be present even in sewage, or they may have 
disap])eared from tlie sample. Consequently if search is made only 
for these organisms a dangerous water may be ])assed as lit for con- 
sumption, on the ground tliat at tin* time of analysis no pathogenic 
organisms Avere found. For the above reasons these specific 
organisms are not generally sought tor in routine water analysis, 
'riie analyst is mainly occupied Avith the detection and enumeration 
of the sewage bacteria. It has been ascertained with a fair amount 
of certainty that in sewage a particular class of organisms, called 
B. coll, predominates over others, and that it is not present in places 
which have not been subject to sewage contamination. ^Phe typical 
B. coU may be defined as a short, non-s])oring, slightly motile Oram- 
negative l)acillus, fermenting glucose and lactose Avith acid and gas 
formation and producing indol. 

Collection of water samples. Samples of water foi' bacteriological 
analysis should be collected in sterilised bottles of about eight 
ounces capacity. The analysis should be started Avithin tAvo or 
three hours of collection. As soon as Avater is stored in a bottle its 
conditions of equilibrium are upset and a change in the bacterial 
contents begins. Some bacteria multiply enormously, while others 
disappear, so that an entirely false picture of the flora of the Avater 
is obtained. If an immediate analysis is not possible, the bottle 
should bo preserved in ice until the time of analysis. In collecting 
samples attention should also he paid to a few minor details : — 

1. If it is taken from a tap, the Avater should be allowed to run 
for about five minutes before the sample is collected. 

2. If from a tank or river, the sample should be taken at a little 
distance away from the banks. A piece of string is attindied to the 
neck of the bottle and sterilised, and only tliis sterilised string 
should be allowed to touch the water. 

3. If from a well, the water may be obtained by loAvering a sterile 
bottle weighted Avith lead into the well with a sterilised cord. 

Two estimations are usually carried out to obtain an id(*a of the 
bacterial content of a drinking water. These estimations are : — 

1. The enumeration of the number of bacteria present in the 
sample which are capable of growing in the agar medium at 37°(k 
This is commonly known as the ‘Total Colony Count.^ 

2. The enumeration of a special group of organisms known as 
B. coli. 

1. The total colony count— A tube of the agar medium is taken, 
melted by heating in hot water for some minutes and then cooled 
to about 40°C. Before it solidifies, 1 c.c. of the water sample (or in 
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tlu‘ case oF very polluted water OT c. o. of the water sample) i.s 
dropped into the tube of melted and cooled agar medium, mixed by 
rotating the tid)e, and the mixture poured into a sterile petri dish 
and allowed to set. It is then incubate<l at 37°C. for about two to 
four days, when all the colonies appearing in the plate are counted 
using a hand lens. This gives the total number of organisms that are 
able to multiply under the nutritional conditions provided. This 
method is of great helj) in studying the elliciency of different 
purification i)rocesses, such as sedimentation, filtration and chlorina- 
tion. 

2. B. coli count or fcecal bacilli count— the B. coifi only exists 
normally in the intestine of men and animals, estimation of the 
numlKU* of colon bacilli i)resent in a water is a valuable test as to th(‘ 
dangerous natuie of any organic pollution, as these organisms, if 
present, ar(^ indicative of tmcal pollution. They are all lactose fer- 
menters. 'The number of />. coli present in a sample is estimated by 
inoculating tubes of lMacConkey^s lactose broth w ith definite doses of 
water and observing the least quantity of w'ater which produces the 
positive reaction in the tube after tw^o days’ incubation. Quantities 
of water used for inoculation are 20 c.c., 10 c c.. 5 c.c., 1 c.c., 0.1 c.c., 
and 0.01 c.c. When ])ositive r(‘action is obtaimul in the medium it 
turns pink and gas bubbles are collected in the Durham tubes. A 
rack is put up, thr(‘e tub(*s receive 20 c.c. each, three tubes 10 c.c., 
thr(‘e tubes 5 c.c., three tubes 1 c.c., and tliree tubes 0.1 c.c. If none 
are fermented the water is said to be B. coli nil in 60 c.c. 

The composition of MacUonkey^s broth is as follows : — Peptone, 
bile salt, lactose and neutral red. Peptone servessis food for bacteria^ 
l)ile salt inhibits the growth of saprophytic organisms, lactose serves 
to indicate the presence of B. coli wTiich alon(‘ ferments lactose, 
neutral red is an indicator to show' the acidity resulting after th(‘ 
fermentation of lactose. 

[(lentiji cation of f(ccal bacilli — A positive reaction in Mac(k)nkey'S 
broth is presumptive evidence of the presence of fjecal organisins 
therein. If conlirmation is Avanted a drop of bioth Avhich has fermen- 
ted is plated out on MacConkey^s solid medium so as to isolate and 
identify them in pure culture. Some types of B. coli are more 
resistant than others, and persist for long periods OA'en after the 
associated pathogenic, organisnus have perished. Their presence in 
a water only means that some fmcal matter had got access at some 
remote period and not recently enough to be dangerous. The 
varieties of the B. coli are separated in four groups by their reac- 
tions w ith saccharose and dulcite. The B, cloacee and B. neapolitanus 
are knoAvn to be resistant organisms. 

Isolation of fcccal bacilli— T like a tube inoculated with 20 c.c. of 
w^ater sample and show ing a positive reaction after incubation. A 
loopful of the culture is taken and emulsilied in sterile distilled Avater ; 
a loopful of this is placed on MacConkey^s agar plate and w iped Avith 
a sterile bent glass rod. After 1<S hours^ incubation sei)arate colonies 
appear on the plate, some appearing pink and sonn^ Avhite. Th(‘ 
pink colonies are lactose fermenters and are fiecal organisms. A 
typical colony is selected and is picked out and inoculated Avith the 
fermentation tubes containing sugars such as saccharose, dulcite and 
adonite, and into peptone broth for the production of indol. 

Interpretation of results.- 'V\\e extreme delicacy of this method 
renders the interpretation of the results of a bacteriological analysis 
a task of considerable difticulty. The fullest possible information 
should be had about the Avater, and the surroundings from which it 
has come, noting particularly recent rainfall, if any. The object of 
the analysis may be 

1. To ascertain if any disease-producing organisins are present. 

2. To ascertain if a filter is Avorking satisfactorily. 

3. To ascertain if pollution by sewage exists. 
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As regards the hrst, the presence of pathogenic organisms absolute- 
ly condemns the water for drinking i)urposes. 

As regards the second, a good filtered water slioiild show no 
B, coli ill about 100 c.c. and a total bacterial count less than 100 per c.c. 

As regards the third, it is ditticiilt to lay down any arbitrary stand- 
ards. Good deep well and spring water should show no B. coli in 
about 50 c.c. and a total count less than 100. Surface waters are 
poorest in quality during the rains, when they receive the washings 
of an indifferently preserved catchment area possibly including the 
excreta of men and animals. The B. coli may be present in 0.01 c.c. 
or about 100 to the cubic centimetre, and the total count may be 
several thousands per c.c.. Gradually the various factors that make 
for self-purihcation in natural waters come into play, and a progres- 
sive improvement in the quality of the water is manifested on storage. 
In India sunlight and sedimentation might be said to be the most 
important of these. A well-sunned surface Avater should contain 
B. coli only in about 5 c.c. and a total count less than one thousand. 

THK CA\.CVTVA MUNICIPAL AUf, lb2;i 
niCNGAL ACT, NO. Ill OF 1923 

(reneral (Inties of the nmnicipal authorities in respect of the supply 
of nutter. 

Sec. 215. -The Corporation shall provide— (a) supply of iiltered 
water within all parts of Calcutta, and (b) supply of uniiltered water 
within such parts of ('alcutta as they inay think lit, and shall cause 
such separates mains, pipes and taps to be laid and placed as may 
be necessary. 

Sec. 211). — (1) 3'he (h)rporation shall erect sutheient and convenient 
bathing platforms and public stand-posts for the gratuitoiis supply 
of Iiltered water for bathing and other domestic purposes. 

(2) All such bathing platforms and stand-posts shall b(‘ supplied 
with filtered Avater. 

Sec. 219.— It shall be the duty of the Corporation to test the 
purity of the supply of Iiltered water once every week. 

Sec. 220. — (1) Subject to certain provisions (section 215) filtiued 
water shall be supplied for domestic i)urposes only. 

(2) No person shall, without the written permission of the Cor- 
poration, use for other than domestic purposes filtered water supplied 
under this chapter for the said purposes. 

Sec. 221. —(1) Unfiltered water shall be used for public purposes, 
such as, — {a) street washing ; (b) Hushing of municipal drains, public 
privies and urinals, gully pits and hackney-carriage stands ; and 
(c) extinguishing fires ; (il) Hushing privies and urinals of private pre- 
mises connected with the sewers; (e) for Hushing drains, cleansing 
stables, cattle-sheds and cow-houses occupied by animals which are 
not kept for proHt or hire. 

(2) It shall not be used for domestic purposes. 

Sec. 236. — (1) Whenever the Corporation has reason to believe 
that, as the result of defect in pipes or Httings connected with water- 
supply, the Hltered water supply in any premises is wasted, they 
may, by written notice require the owner or occupier of the premises 
within a period of four days after service of the notice to repair and 
make good the defects in the pipes, taps or Httings connected with 
the Avater-supply, so as to put a stop to such Avaste. 

(2) If after the expiration of the said period of four days the 
(corporation have reason to believe that Avaste still continues, they 
may cut off the supply of Hltered Avater to the said premises. 

^ec. 237. — (1) The Corporation, may in their discretion, provide 
a water-meter and attach tlie same to the service pipe of any premises 
connected with the municipal Hltered water-supply. 
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Sec. 24-6. — Whenever a supply of filtered and unfiltered water has 
been provided in any street, the Corporation may, i)y written notice, 
require the owner of any well situated in premises which are supplied 
from the mains, to fill it up with suitable materials. 

Sec. 389. — (1) No person (‘iigaf^ed in any trade or manufacture 
shall (a) wilfully cause or suffer to flow or be brought into any tank, 
reservoir, cistern, w(dl, duct or other place for the storage or accumu- 
lation of water belonging to the (h)rporation, or into any drain or 
pipe comniunicatmg therewith, any washing or other substance 
produced in the course of such trade or manufacture ; or 

(b) Avilfully do any act connected with any such trade or manufac- 
ture whereby the water in any such tank, reservoir, cistern, well, 
duct or other place is fouled or corrupted. 

(2) The Corporation may, after givilig not less than 2 hours’ 
previous notice in writing to the owner or to the person who has 
the management or control of any works, pipes or conduits connected 
with any such manufacture or trade, lay open and examine the said 
works, pipes or conduits. 
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AIR AND VENTILATION 

Pure air is necessary for healthy life, and perfect health can 
only be maintained when, in addition to other requirements, 
there is an abundant supply of pure air. Health and disease 
are in direct proportion to the purity or otherwise of the 
atmosphere. Put it should be clearly understood that it is 
the physical and not the chemical changes which cause ill- 
elfects. The discomforts of a con lined atmosphere are due 
to the temperature, excess of watery vapour and lack of air 
movement, causing’ heat stagnation. Since moisture, stillness 
and warmth of the atmosphere are responsible for the ill- 
effects, efforts should be made not only to cool the air of 
crowded places, but also to cool the bodies of the people by 
setting the air in motion by means of fans. The strain on 
the heat regulating mechanism inlluenccs the heart and 
accelerates the pulse ; more blood is sent to the skin where 
it circulates in far greater volume, so that less goes to the 
viscera and brain. In a hot, moist atmosphere the surface 
temperature rises, the cutaneous vessels dilate, veins become 
filled, the blood-pressure falls and the heart becomes fatigued 
from the extra work thrown on it. The increased percentage 
of CO 2 and the diminution of oxygen in ill-ventilated buil- 
dings have no effect per se on the incidence of respiratory 
diseases and higher death-rate. The temperature, moisture, 
and windless atmosphere in these places diminish primarily 
the heat loss and secondarily the activity of the occupants, 
the total volume of air breathed, the oxygen taken and the 
food eaten. The whole metabolism is thus run on a lower 
plane, and the nervous system and tone of the body remain 
unstimulated by the monotonous, warm and motionless air. 
At the same time the number of the pathogenic bacteria 
and droplet infection are increased. 

CoMPOSiTiOiN ou Air 

Air is a mixture and not a chemical compound, and its 
composition is practically constant. This uniformity of 
composition is due to diffusion, constant movement by means 
of air currents and the reciprocal action of animals and 
plants on air. 

The following is the approximate composition of the 
air : — 

Oxygen ... ... 209.6 per 1000 volumes 

Nitrogen ... ... 790.0 ,, ,, „ 

Carbonic acid ... ... 0.3-0. 4 „ ,, ,, 
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Watery vapour ... ... varies with temperature 

Ammonia ... ... a trace 

Organic matter ... ... \ 

Ozone ... ... ( Variable 

Salts of sodium ... ... I 

Other mineral substances ... / 

CUANfiWS IN THE ATMOSPHEUE DuE TO HUMAN 
OOCITPATION 


The chief changes in the atmosphere, j)hysieal and chemi- 
cal, result from the following sources : — 

1. Changes due to respiration. 

2. Changes due to combustion. 

3. Smoke. 

4. Dust and bacteria. 

5. Industrial impurities. 

1. Changes due to Respiration. -Men and all animals 
must have oxygen to live and this oxygen we get from the 
air we breathe. But since pure oxygen is too strong by 
itself, nitrogen forms a large proportion of the air. But our 
bodies do not use the nitrogen as they do the oxygen. When 
we breathe we keep some of the oxygen, and breatlie out 
the nitrogen and CO 2 which is formed within our body and 
which we do not require. Although a little CO 2 exists in the 
atmosphere this is utilised by the plants which cannot live 
without this gas. 

A man usually respires about 1<S times a minute, and at 
each respiration an adult gives out 22 cubic inches (500 c.c.) 
of air. In a mixed community ().(> cubic foot of CO 2 per 
hour per head is added to the atmosphere. The proj)orti()n 
of gases in inspired and expired air per 100 j)arts is as 
follows : — 


Inspired air 


Expired air 


Oxygen ... 20.90 10.40 

Nitrogen ... ... 79.00 79.19 

Carbonic acid ... 0.03-0.04 4.41 

It will thus be seen that the expired air contains 4 to 5 
p.c. less oxygen and 4 p.c. more of CO 2 . According to the 
chemical theory, the ill-effects produced in conffned and 
crowded rooms have been attributed to (1) diminution of 
oxygen, (2) excess of CO 2 , and (3) organic poison from the 
expired air. Very little attention Avas paid in the past to 
the variations of the temperature, movements of the air,^ 
and the amount of watery vapour contained in the atmos- 
phere. Leonard Hill and others have shown that it is the 
physical and not the chemical properties that are responsible 
for the ill-effects in a closed and ill-ventilated room. As 
regards oxygen, it is necessary to remember that it forms 
about 20.96 p.c. of the outside atmosphere, and there is 14 



to 15 p.c. in the depth of the lungs. In the most crowded 
rooms, it is rarely lessened by more than 1 per cent., that 
is, it is rarely as low as 19.90 per cent, of the air. This 
diminution exerts no physiological effect on the system. In 
fact as long as there is sufficient oxygen to change most of 
the luemoglobin into oxylnemoglobin in the lungs, there can 
arise no lack of oxygen. A person not exerting himself will 
not observe any effect until the oxygen has been reduced to 
12 to 15 per cent., and consciousness will not be lost until 
the percentage sinks below 7 p.c. It is only in sewers, wells, 
mines and hermetically-sealed places, such as submarines, 
that serious Avant of oxygen or an excess of CO 2 arises. 

Carbonic arid, — It was formerly believed that the ill- 
effects noticed by breathing vitiated air of crowded rooms 
were due to the excess of CO 2 in the air. In the open air 
GO 2 amounts to O.Oo p.c. But it has been shown that even 
in a confined atmosphere the amount of C ()2 never rises to 
any great extent. In the worst ventilated theatres or 
schools it docs not run over 9.5 p.c. or at the outside in most 
exceptional cases 1 p.c. Ilaldane and Priestley have shown 
that the excess of C ()2 in the atmosphere cannot enter the 
body, as the r(‘.si)iratory centre in response to the pH of the 
blood normally keeps the (XI 2 contents of the pulmonary air 
constant, at least about 5 to 9 p.c. of the atmosphere. The 
effect of breathing 0.5 ]).c. of CO 2 is an unnoticeable increase 
in the ventilation of the lungs. Tlie increased ventilation 
is so adjusted as to keep the concentration of CO 2 in the 
lungs at the normal of 5 to 9 per cent. During gentle 
exercise more CO 2 is produced, the pulmonary ventilation 
is increased, and the concentration of CO 2 in the lungs and 
blood is kept constant. Lehman found in a brewery 1.5 to 
2.5 per cent, of CO 2 in the air of the fermentation rooms 
which Avas hreathed by several Avorkers for hours every 
day Avithout any ill-effects. At each breath Ave breathe into 
our lungs the air in the nose and large air tubes (dead space 
air). About one-third of the air breathed by a resting 
man is dead s])ace air. It is clear, therefore, that no 
one breathes in pure outside air, but air possibly contami- 
nated by one-third to one-tenth Avith his own expired air. 
To rebreathe one's own breath is natural and inevitable, and 
to breathe some of the air exhaled by another person is also 
quite common. CO 2 , therefore, can be regarded as having 
nothing to do Avith the ill-effects of confined atmosphere. 

Organic Poisons . — The belief in the existence of organic 
poisons exhaled by breath and skin cannot be substantiated. 
The foul odour of ill-ventilated and croAvded rooms arises 
from perspiration and foul breath, e.igf., from carious teeth, 
dyspepsia and the decomposition of food particles in the 
mouth ; from gases in the alimentary canal ; from dirty 
clothes soiled with food and discharges from the body. 
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Although odours by themselves may be harmless, good sani- 
tary condition implies that houses, clothes and bodies of 
persons should be clean and free from offensive odours. 

Watery Vapour. -This is always present in the atmos- 
phere however dry it may be. The amount, however, varies 
with the teini)eratMre of the air and tlie amount of fluid 
present from which evaporation can take place. Tlie humi- 
lity of a room also depends upon the number of persons 
occu])ying the room. About 10 ozs. of water from the lungs 
and 20 to 30 ozs. from the skin are the average amounts given 
oif by each ])erson in twenty-four hours. There is more 
watery vapour in tropical atmosi)heres than in temperate 
and cold climates, more at sea than on land, more in summer 
than in winter, more at midday than in the morning and 
evening. The greater the temperature the greater is the 
amount of watery vapour which the air can take up. This is 
why water dries up so rapidly in hot weather. In humid 
atmosphere the lungs and the skin are unable to get rid of 
the watery va])our and thus a feeling of oppression and 
stuffiness is experienced. Excessive moisture in the air is 
an important factor in textile industries, and requires careful 
adjustment. The limit of humidity (moisture) of the air of 
an inhabited room should not exceed 75 p.c. A humidity 
beyond this combined with lack of air movement causes 
discomfort in a conlined room producing heat stagnation, i.e., 
partial abeyance of the normal bodily activity to lose lieat 
by radiation and evaporation from the surface of the skin. 

2. Changes due to Combustion.-— Impurities due to 
combustion are chiefly derived from coal which is largely 
used as fuel. During combustion, coal gives off' carbon mo- 
noxide and carbon dioxide in variable quantities, and also 
small quantities of sulphurous and sulphuric acids, carbon 
disulphide, sulphuretted hydrogen and moisture. About 1 
p.c. is given off* as soot or smoke, but in wasteful use of coal, 
when there is much unnecessary smoke, a much larger per- 
centage is given off. There is also a corresponding decrease 
of oxygen from the air. 

Artiflcial light always gives rise to impurities in the air. 
Coal gas and water gas are the popular illuminants. Coal 
gas is formed by the destructive distillation of coal and 
contains hydrogen, marsh gas, and carbon monoxide, some- 
times ethylene, acetylene and CO 2 . An ordinary gas burner 
consumes about 6 cubic ft. of gas and gives off about 3 cubic 
ft. of OO 2 per hour, Le., vitiates about 7200 cubic ft. of air, 
or to the extent which the breathing of three adults will do. 
Water gas is formed by passing a current of steam through 
heated fuel (coke or coal) in a fire-brick chamber, when the 
water is decomposed into H and O. It is a mixture of CO 25 
to 50 p.c. with hydrogen. The oxygen is enriched subse- 
<iuently with hydrocarbons. 
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Oils, chiefly paraflin oil, are also used as illuminaiits. 
When burnt they form CO 2 and water ; an ordinary sperm 
candle of ‘‘one candle power^’ on complete combustion of its 
120 grs. yields about 0.4 cubic ft. of CO 2 , and almost the same 
amount of water. An ordinary paraflin lamp uses from about 
62 grs. of oil per hour per candle power, and produces 0.28 
cubic ft. of CO 2 . It follows that to produce a 16 candle power 
light, I lb. of sperm candles, more than 2 oz. of paraflin, must 
be consumed per hour ; the amount of CO 2 would be 6.4 and 
4.5 cubic ft. respectively. Therefore vitiation of air would 
correspond to that caused by 11 adults in the case of sperm 
candles and 7^ in the case of paraflin. It is evident, therefore, 
that all illuminants vitiate the atmosphere more or less. 
They raise the temperature, increase the moisture of the 
room, abstract oxygen from the air and add CO 2 , CO, com- 
pounds of ammonia and particles of soot to the atmosphere. 

Electricity is also largely used for x)urposes of illumina- 
tion. This is the best source of light from a sanitary point 
of view, for, not being dependent on the oxygen of the air, 
it does not vitiate the atmosphere. The next best is the 
Welsbach incandescent gas burner. This gives ofl* less CO 2 
than any average oil lamp, and consumes less than half the 
amount of gas which an ordinary burner does. 

3. Smoke. — Ordinary smoke consists of unburned carbon 
particles, hydrocarbons and other pyroligneous bodies, some 
poisonous gases, mineral acidsi etc. It has been estimated 
that the damage to property caused by smoke is about live 
pounds per inhabitant per annum in England. 

Domestic smoke is relatively rich in hydrocarbons and 
soot, and owing to the presence of large ])roportion of tar 
adheres to any object upon which it falls, and is very ob- 
noxious and destructive. The presence of sulphur in the 
smoke contributes to the pollution of the atmosphere, and 
the quantity of sulphur compounds yielded depends upon 
the character of the coal. The sulphur is found in the form 
of sulphur acids, carbon bisulphide, ammonium sulphide, and 
rarely sulphuretted hydrogen. 

In England owing to rapid industrial dovelopment, where 
coal is burnt more or less inefficiently in factories and houses, 
the amount of soot is too great. In a big Lancashire cotton 
town the amount in one year was 960 tons per square mile. 
In London itself domestic lire is responsible for most of the 
smoke. In Indian towns and in places like Calcutta, Bom- 
bay and other industrial towns the smoke is not only due to 
factories, ships, brickfields, etc., but largely to the use of 
coal for cooking purposes. In 1863 an Act to regulate the 
emission of black smoke was passed in England which was 
incorporated in the Public Health Act of 1875. The last 
Smoke Abatement Act (1926) removed the necessity for 
proving black smoke, and extended the powers of local 
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authorities. These, however, failed to achieve the object and 
smoke is still an intolerable nuisance in England. 

At one time pollution of the atmosphere with smoke 
assumed alarming proportions in Calcutta. But within 
recent years there has been a marked abatement of the 
nuisance. A few years ago (1906) it was noticed that for 
thirteen and half minutes in the hour there was dense black 
smoke in the air of Calcutta, in 1930 it was only 0.8 minute 
in the hour that the air was laden with smoke. It has been 
estimated that in Calcutta daily over fifty tons of soot escape 
into and pollute the atmosphere. 

Few realise the extent of the damage to property caused 
by smoke, or the seriousness of the menace it holds out to 
the public health. A ^moky atmosj)here directly irritates 
th^ upper respiratory passages and increases the mortality 
from pulmonary diseases. Both smoke and soot predispose 
Lq pulmonary tuberculosis. A smoky atmosphere is a source 
of dirt, shuts out light and the ultra-violet rays of the sun, 
and prevents the entrance of fresh air. It corrodes the 
mental and physical equipment of those who cannot escape 
from it to a purer atmosphere. Smoke also injures vegeta- 
tion by choking up the stomata of the leaves and also by the 
action of the acid. 

The report of the Bengal Smoke Nuisance Commission for 
1936 shows that when the wind fails and the smoke is 
discharged into the stagnant air the respiratory deaths 
vault from 80 to 240 a week. 

Smoke pollution is measured by drawing a known quantity 
of air through a disc of filter paper. It is so arranged that 
every five minutes a given volume of air is drawn through a 
fresh disc. The discoloration produced in the discs is mea- 
sured against standards. 

Abatement of smoke is not a very difiicult task. It is in 
i, large measure a social organisation, although the indivi- 
lual can help much. It only requires a careful study of the 
methods adopted in other countries to minimise the emission 
of soot. By the provision of i>ropcrly proportioYied furnaces, 
iues, chimneys and boilers much of the nuisance may be 
minimised. Emission of black smoke has to a great extent 
been remedied by the introduction of the mechanical boiler 
draught, but the chimneys still continue to discharge a great 
amount of dust and grit. Davidson and Co., Ld. of Belfast 
have introduced patent Flue Dust Collectors which have 
given very good results in many power stations in England ; 
forty to a hundred pounds of dust per hour being collected by 
a single collector. Much of the household smoke is mini- 
mised by the use of electricity, gas stoves, or smokeless 
solid fuel with proper ventilation. This will require time 
till people begin to realise the harmful effects of acrid smoke 
so common in the kitchen. 
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A form of smokeless furnace which will, at least, keep the 
kitchen free from smoke is shown in the diagram which is a 
great improvement on the present system. The flue and the 
smoke chamber require periodical cleansing, otherwise they 
become choked with unconsumed carbon and mineral matters 
which form deposits. 



Fig. 20.— Smokeless Household FiRErLACE 

A, Air inlet leading to ash pit; 15, grating; C, furnace proper; 

D, opening for smoke outlet; F, top of furnace; F. cover to 
prevent smoke during firing; G, sliding steel damper Avith 
handle Avhich opens and closes the smoke pipe in the smoke* 
chainher, Avhen this is open the top of furnace should be closed; 

H, opening for smoko into the smoke chamber; 1, smoki* 
chamber; J, trap door for Avashing and cleaning; K, smoke 
outlet pipe fixed on tlie outside Avail; M, damper pushed home 
shoAving the smoke pipe closed. 

4. Dust and Bacteria. — Dust forms an important im- 
purity in the atmosphere of the tropics. It is composed of 
inorganic matter, organic matter and bacteria. Scales of 
epithelium ; fibres of cotton, linen and wool ; particles of 
hair ; dried sputum and particles of excreta, etc., are found 
in inhabited but imperfectly ventilated rooms. Ordinary 
street dust contains soot, flue dust, silica, decaying leaves, 
manure, fragments of insects and their eggs, bacteria, dust 
from boots and clothes, etc. Street dust, therefore, conta- 
minates food exposed for sale without proper protection. 

The bacteria are carried about in the dust and the great 
source of aerial bacteria is the soil which is teeming with 
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micro-org'aiiisms. On windy days and in dry weather, the- 
air always contains more bacteria tlian at other times. The 
bacterial population of the air is also derived from all 
collections of dust and dirt from rooms and other inhabited 
places of any kind. Although the microbes j)resent in the 
air are considerable in number, they are, as a rule, harmless, 
but specitic disease germs, e.r/. of tuberculosis, typhoid, etc., 
l^ave also been isolated from the air of crowded rooms. The 
number of bacteria present in the atmosphere dei)euds upon 
local conditions. Few are found in the high mountains, 
at sea or in deserts. They are less in the open country 
and more in the air of big cities and crowded places. 
Leonard Hill found 750 bacteria per cubic metro in the stair- 
case of a house before sweeping, and after ten minutes^ 
brushing of the carpet there were 410,000. During normal 
breathing the expired air does not contain any bacteria, as 
the mucous membrane of the upper air passages acts as a 
strainer. But during coughing, sneezing, talking or other 
forced expiratory efforts, the fluid contents of the mouth ara 



Fig. 21. — SriTKTKVANT Standard Air Washer 
A, Tank; H, .Mist cliainlM^r; Kliiniiiator plates ; I>, Metal sciet^n ; 
E, Atomising spiays ; F, l>all valve ; (1, Overflow pil)e ; H, ('opper 
gauze screen over suct ion pi|)e; .1, Suction pipe to circulating 
pump ; K, Inspection doors. 

Sprayed into the air in minute particles, and these “droplets’^ 
may contain the germs of any infection that may be present 
in the mouth or respiratory passages. Clean fresh air 
should be considered as important as clean water-supply, 
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and the only way this is possible is by flooding rooms with 
abundant fresh outside air. 

Just as rain washes the air, so dusty air can be cleaned 
by washing. This is done by passing the air through 
a chamber in which there are intersecting water sprays 
forming a curtain of fine droplets. Two-thirds of suspended 
particles, dust, bacteria and moulds can be removed by air 
washing. (Fig. 21). 

5. Industrial Impurities. — A number of manufactur- 
ing impurities pollute the air. The chief ones are : — 

(и) Silica dust from flint, granite, quartz, hard stone and 
mill-stone grit and other works. 

(b) Lead fumes from various manufacturing processes. 

(c) Dust from paper, cotton, jute, flax and flour mills. 

(J) Hydrochloric acid gas from alkali works. 

(e) Sulphur dioxide and sulphuric acid from copper 
smelting and bleaching works. 

(f) Hydrogen sulphide from chemical works. 

(g) Carbon monoxide, carbon dioxide, and sulphuretted 
hydrogen from brick-lields and cement works. 

(h) Carbon monoxide from iron and copper smelting 
works. 

(i) Organic matters from glue and gelatin factories. 

ij) Zinc fumes from brass works. 

(к) Arsenical fumes from metal works, where arsenic is 
used as an alloy. 

(l) Phosphorus fumes from match factories. 

(m) Carbon disulphide fumes from india-rubber works. 

Sewer J/r. — The air of sewers has long been regarded 

as dangerous and a likely source of infection in certain 
diseases, but it is only of late that much attention has been 
directed to its careful examination. The gaseous products 
of the decomposition of animal organic matter have been 
sought for, as also the micro-organisms of infectious diseases, 
e.g., the bacillus of typhoid fever. The air of sewers plays 
very little part in the conveyance of typhoid fever and that 
the air of a well-ventilated sewer, as regards organic matter, 
carbonic acid and micro-organisms, differs little from outside 
air. 


Diseases due to the Impurities of Air 

A. Effects of Dust and other Solid Impurities. — Dust 
is a normal and important constituent of the air and its 
presence has a certain influence on the physical conditions 
of our environment. It is found everywhere, and though 
its presence is universal, its distribution is irregular. It 
exists in the form of organic dust in the lower strata but 
the inorganic particles are found everywhere. The organic 
dust consists of particles derived from the animal and vege- 
table kingdoms. The inorganic dust is derived mostly 
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from soil and consists chiefly of silica, aluminium silicate, 
chalk, calcium phosphate, magnesia, iron, common salt, 
etc. Ordinary dust does not produce any harmful effects 
on the healthy respiratory mucous membrane. It is only 
when it is present in excess, or is of an irritating nature, or 
when it contains certain micro-organisms that its injurious 
effects become apparent. Dust, free from micro-organisms, 
as for instance mineral dust, when breathed for a long period 
causes certain affections of the lung tissue, viz. potter’s 
asthma and miner’s anthracosis. Various industrial dusts 
produce different pathological conditions (see Occupational 
Hygiene). House dust is more injurious than the dust of 
the outside air as it too often contains pathogenic bacteria. 

House dust is kept down by avoiding dry dusting, and 
sweeping by the use of vacmim cleaners, and by ellicient 
ventilation. Matting of floors always favours the harbour- 
ing of dust and should be avoided. Dust from outside is too 
often blown into the house. This is prevented by proper 
screening, windows and use of glass shutters. Street dust 
is very difficult, perhaps hopelessly impossible, to y^revent in 
the tropics. Koads should be well constructed with a good 
surface. These re((uire regular watering 'or oiling. Tar- 
macadam roads are an improvement and have considerably 
minimised dust nuisance. 

B. Effects of Gases and Volatile Effluvia 

(a) Effects of Gases. — See Occupational Hygiene. 

(b) Effects of Effluvia . — 

1. Effluvia from Brick-fields . — Bricks are burnt in two 
ways : in clamps and in kilns. C7amp (open air) hurninrj is 
very offensive, for besides the ordinary products of combus- 
tion, certain pyroligneous matters are also formed, which 
have a very disagreeable smell and are injurious to health. 
Clamp burning should not, therefore, be y)ermitted near in- 
habited areas. Sometimes dust-bin refuse is used to burn 
the bricks ; in such cases the partially burnt organic vapours 
are highly disagreeable. In kiln (enclosed) hurninff, bricks 
are burnt Avith the aid of coal only, and if the kilns are y^ro- 
vided with flues the liability to nuisance is much less, as the 
products of combustion arc more perfectly consumed. 

2. Effluvia from offensive Trades . — The effluvia arising 
from stables, cowsheds, tannaries, fat and tallow factories, 
gut scraping, bone boiling, paper making, etc., are all very 
offensive. (See Offensive Trades). 

3. Effects of Gas from Sewers and House Drains , — The 
air of the main sewer is purer than the house drains. Sewer 
air does not show much difference in chemical composition 
from the ordinary outside air, but much depends upon the 
construction and ventilation of the main sewers. It has no 
definite chemical composition but contains varying pro- 
portions of pure air, carbonic acid gas, marsh gas, H 2 S and 



AIE 




various products of decaying organic matter. The sewer air 
should not be allowed to enter the house and pollute the 
atmosphere, but it is doubtful if it is responsible for any 
ill-effects, unless one is habitually subjected to its influence, 
when headache, febrile disturbances, aiuemia and a tendency 
to sore-throat may occur. 

Kata-thkrmometek 


Experiments in a confined chamber with or without the 
fan show that the thermometer fails to demonstrate the 
conditions we feel. The ordinary thermometer shows its own 
temperature, the average temperature of the furniture, etc., 
but does not indicate the heat loss of the body, and gives no 
measure of the cooling and evaporative powers of the environ- 
ment on the skin which chiefly depends on air movement. 


While the thermometer is a static instrument indicating 
average temperature, the human body is a dynamic structure 
continually producing and losing heat, the temperature 
remaining sensibly constant. To secure a comfortable and 
healthy condition of the atmosphere in 


our rooms an instrument which indicates 
not the average temperature but the 
rate of cooling is wanted. The kata- 
thermometer contrived by Leonard Hill 
measures the rate of beat loss of a surface 
at approximately body temperature, 
97. E. under variable atmospheric con- 
ditions. It consists of a large bulbed 
spirit thermometer having two marks 
upon it representing 95® to 100® E., with 
the corresy)ouding mean Centigrade 
figure, 80.5® C., placed between these. 
Two such instruments are generally 
used. One with bulb uncovered — the 
drif kata-thermometer — the other with 
bulb covered with a fine cotton mesh. 
The bulbs are immersed in water about 
150® F. until the spirit rises into the 
small bulb at the top of the instrument. 
The excess of water is then shaken oft* 
the wet bulb and the other dried. The 
instruments are then suspended in the 
air and the time in seconds taken in 
cooling from 100® to 95® F. is noted 
with a stop-watch. The same amount 
of heat will always be lost while it 



Fig. 22.— Kata- 
thermometer 


cools, but the rate at which it loses this heat will depend 


upon the external conditions, and so may be used as an 


indicator of them. In order that the rate of heat loss may 
be expressed in heat units (millicalories), the total heat 


84 


HYGIENE AND PUBLIC HEALTH 


loss, while cooling between 100^^ to 95® E., or correspond- 
ing Centigrade ligures, is determined for each instrument 
by the maker, and is divided by the surface area of the 
kata expressed in sq. cm. The figure thus obtained is 
marked on the back of the stem, and is known as the 
‘"‘factor” or F. The factor divided by the number of seconds 
occupied in the five degree drop gives the rate of cool- 
ing expressed in millicalories per sq. cm. per second. 

Example : Factor of kata = 500 

Dry kata cooling time — 00 seconds 

Wet kata cooling time == 25 „ 

Therefore dry kata cooling power = = 8.5 

Wet kata cooling power = -^^^=20 

The wet bulb gives the rate of cooling by radiation, con- 
vection and evaporation ; the dry one gives tlie rate of cool- 
ing by radiation and convection. The dry kata cools four 
times as fast as the covered body of man. ^A high dry kata 
reading implies great cooling x)ower and a low kata reading 
means the reverse. When DK is 5, the room will be too hot, 
and when DK is 15, it is too cold. At mean temperatures and 
humidities the wet kata cools three times as fast as the dry 
kata, Le.y WK=»DK x 3. This, however, may not be correct, 
when the temperature is hot. For the air conditions suited 
to heavy work the wet kata is the better guide, 'riie differ- 
ence between the dry and wet readings (WK - DK) gives the 
cooling power due to evaporation only and enables us to 
measure the physiological efficiency of air movement. 

In the tropics, where the temperature in the shade is 
above 95® F., the dry kata-thermometer cannot be used to 
measure cooling power, but when the atmospheric tempera- 
ture is above 100® F., the kata-thermometer can be cooled 
and the heating power of the air measured by it. The wet 
kata is valuable in the tropics, cotton mills, etc., when sweat- 
ing occurs. 

A fresh, comfortable room has a dry kata cooling power 
of 5 130 6 and a wet kata cooling power of 10 to 18, i.e., 0 or 
18 millicalories of heat are lost per square cm. of body 
surface per second. Therefore this multiplied by 30 = per 
sq. metre per hour. If the room is perceptibly cool the 
figures will be 8 and 22 respectively ; and if warm and 
stuffy, about 4 and 15. 

Eupatheoscope and Eupatheometers.—The latest type 
of ‘^comfort indicators” are the Eupatheoscope and Eupa- 
theometers ; these, while taking account of radiant heat, will 
also correspond the human body in their sensitiveness to 
air currents. The first instrument devised for the purpose 
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was Eupatheoscope, but it was soon recognised to be rather 
cumbrous, and the latest development is the introduction of 
Eupatheometers. This consists of two thermometers filled with 
spirit, one has a glass bulb and the other silvered metal bulb. 

Directions for usin(j Eupatheometers. — Heat the bulb of 
each thermometer either with the hand or in warm water 
till the spirit rises into the top bulb and the column is free 
from bubbles. Wipe the bulb dry and suspend the black 
thermometer. Stand as far from the instrument as is con- 
venient and observe the fall of the sy)irit from the upper 
mark on the stem to the lower mark. Use the special 
stop-watch to time this and read upon the black scale. Now 
suspend the silvered instrument and time its cooling. Note 
the reading upon the ‘silver’ scale of the watch. 

The ecjuivalent temperature in degrees Fahrenheit is 
obtained by adding the two readings together. Thus, the 
watch shows o5 when the black thermometer cools in 30 
seconds and 20 if the silvered thermometer cools in 27 
seconds; whence the equivalent temperature is 35 + 20 = 55®F. 

Three or four determinations should be made and the 
average should be taken. 

The rate of heat loss from the surface varies with the 
combined effects of air temperature, air movement and radia- 
tion. From the point of view of comfort, it is the rate at 
which heat is lost from the body is important, and the 
equivalent temperature of an environment has been defined 
as the temperature of a uniform enclosure in which, in still 
air, a sizable black body at 75<^ F. would lose heat at the 
same rate as in the environment. 

VENTILATION 

Ventilation means the removal or dilution of the atmos- 
phere which has become stagnant, warm and moist through 
the vitiating processes described in the preceding pages 
by air which is drier, cooler and moving. This is sometimes 
called internal ventilation. But in the case of the general 
air space of towns, advantage is taken of the natural means 
of purification of air. This is done by making the streets 
broad, building houses moderately high, and not very close 
to one another, so as not to impede free circulation of air. 
This external ventilation is of primary importance, for upon 
the purity or otherwise of outside air depends the possibility 
of good internal ventilation. Efficient external ventilation 
may also be ensured by preventing impurities from entering 
the air, by watering the streets to lay the dust, by careful 
inspection of all drains and sewers, by transporting all 
offensive trades and occupations to special quarters, by the^ 
speedy removal of street and other refuse, by such regula- 
tions as will prevent nuisance from smoke, and by keeping 
plenty of open spaces and parks. 
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The principal object of ventilation is the stimulating- 
effects of moving air upon the skin, which depends largely 
upon the evaporative power of the air. Therefore ventila- 
tion to be satisfactory must conform to certain conditions, 
vis:, it must supply pure air from without, it must keep the 
air within the room at a i)roper temperature and maintain 
a continuous circulation, and prevent stagnation of the body 
heat on the one hand and uncomfortable chilling and drying 
of the body on the other, the standard of which is given by 
the DK 6. It must also be able to remove gases, odours, 
bacteria, dust, etc,, which contaminate the air, and dilute and 
remove the vitiation j^roduced by combustion. 

Amount of Air Ekquirkd for Ventilation 

The amount of air required for efficient ventilation varies 
and depends upon several factors, viz. the size of the room, 
the number of persons inhabiting the room and the heat 
stagnation produced by lack of air movement and excess of 
watery vapour. 

1. Amount of Air required for the Healthy.— The 
average air contains 0.03 to 0.04 p.c. of CO 2 , or 0.3 to 0.4 
per 1000 volumes, and if a man breathes for an hour in a 
room of 1000 c. ft., the amount of CO 2 at the end of an hour, 
if no air is admitted or withdrawn in the meantime, will 
be 0.6+0. 4 c. ft., i.e. 0.1 p.c. ; 0.6 cubic foot is the amount 
of CO 2 exhaled per hour per head {see page 74). One can 
detect with the sense of smell impurity in a room up to 
a certain point, and a man entering a room from the open 
air should not perceive any smell or stuffiness. Formerly 
the amount of CO 2 in the air was generally regarded as the 
best indicator of the quality of vitiation. After a series of 
observations De Chaumont came to the conclusion that when 
the CO 2 of the air of a room exceeded by more than 0.02 p.c. 
the percentage in the outside air, the feeling of stuffiness 
became perceptible to the senses. This condition prevails 
when the DK reading is below 6 or thereabout. One may, 
therefore, assume that the presence of CO 2 beyond this limit 
is inconsistent with proper ventilation. A person at rest 
gives off 0.6 c. ft. of CO 2 per hour, and calculating on the 
above standard of purity, 3000 c. ft. of pure air must be 
supplied for each person per hour if satisfactory ventilation 
is to be maintained. Haldane and Hill, however, maintain that 
1000 cubic feet of fresh air per head jier hour are sufficient 
provided there is air movement. Although the percentage of 
CO 2 may be higher in the air of a room without producing any 
deleterious effect on the health and gives no indication of 
the presence of moisture, air movement and temperature of 
the room, these ffgures enable us to form an idea regarding 
the ventilating arrangements. They also serve as a rough 
index regarding the degree of vitiation of the air but aff ord 
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no indication regarding the physical conditions which are of 
greater importance. 

The amount of fresh air that should be delivered per hour 
to an occupied room can be calculated by the following 
formula : — 

^ = d 
P 

Where c = C02 exhaled in an hour per head (O.G cubic foot 
being taken as an average). 
p = limit of respiratory CO 2 per cubic foot of air {i.e., 
0*02 c. ft. per 100 c. ft. or 0*0002 in 1 cubic ft.). 
d = amount of fresh air available in cubic feet per 
head per hour. 

Therefore ^ 0002 number of cubic feet of air 

necessary for every individual of average weight per head 
per hour, CO 2 being taken as an indicator. 

An adult male requires about 3000 cubic ft. per hour. 

A child „ „ 2000 „ „ 

In a mixed community 3000 cubic ft. for each person arc 
required. 

Adequate floor space in dwellings for each person is an 
important factor for proper ventilation. Where the floor 
space is less it leads to over-crowding and consequently to 
defective ventilation, over-heating, excessive humidity and 
air stagnation. Limited floor space also favours the spread 
of droplet infection by shortening the path which the germs 
have to travel from one person to another. In ordinary houses 
the floor space for a single person should be 150 sq. ft., 
though it may be less for work-houses, i.e., 65 to 80 sq. ft. 
For infectious disease hospital it should be 144 sq. ft. or 2000 
cubic ft., for general hospital 100 sq. ft. or 1000 cubic ft. 
Average for boys and girls is 70 to 80 sq. ft. floor space or 
700 to 900 cubic ft. of air space. 

It should be noted that where the cubic space is large 
there is less need of frequently changing the air. For a 
single man occupying a room having an area of 100 cubic ft., 
the air should be changed thirty times per hour if 3000 cubic 
ft. of the air be given, a procedure which would cause a very 
disagreeable draught in cold weather. Whereas if the area 
of the room be 1000 cubic ft. the air requires to be changed 
only three times per hour for equal ventilation without 
creating any perceptible draught. By suitable arrangements 
of windows, etc., about half a dozen changes of the air of a 
room can bo made without any draught being felt. 

The authorised amounts of space alloted per head are as 
follows : — 

Soldier ... ... 600 cubic ft. 

Dormitories of poor houses 300 ,, (healthy person). 

Army hospital wards 1200 cubic ft. 
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Poor-law schools ;>()0 cubic ft. 

Public eleiiientary school 80 cubic ft. 

Eegistered lodging houses 400 cubic ft. occupied by day 
» and night. 

,, „ „ 300 ,, occupied by night 

only. 

2. Amount of Air required for the Sick.— For sick 
persons in hospitals, the amount of fresh air should exceed 
that required by the healthy by at least one-fourth. For 
instance, if 3000 cubic ft. be the average amount required 
in health, 3750 cubic ft. will be required in sickness per hour. 

3. Amount of Air required for Combustion.— For an 
ordinary flat-flame gas burner which generates about 3 cubic 
ft. of CO 2 and consumes 6 cubic ft. of gas per hour, 1000 
cubic ft. of air are needed for every cubic foot of (^Oa per 
hour. Therefore about 2250 cubic ft. of fresh air must be 
supplied per hour for each gas burner in a room. 

4. Amount of Fresh Air required for Animals.— 
Animals require fresh air as much as men do. A horse or 
a cow ought to have about 10,000 to 20,000 cubic, ft. of air 
per hour, in the ratio of 20 to 25 cubic ft. per hour for every 
pound of body weight. 

Methods for Supplying the Eequired A:mount of 
Fresh Air 

Practical ventilation is an engineering problem, but the 
conditions of ventilations can never be the same, owing to the 
fact that the rooms and houses requiring ventilation vary 
greatly. No single system, therefore, is applicable to all. 
But the fundamental principles are more or less the same. 

The physical theory of ventilation may be stated in two 
propositions : — 

(rt) Given a ^‘head of air,’’ a continuous flow can be main- 
tained through a room, the amount of air entering and 
leaving being equal. 

(h) A “head of air,” is produced by difterence of pressure 
between the air within and the air without the room, and 
diflerence of pressure depends on temperature, aqueous 
vapour and diffusion. 

Now the problem is how to produce such a head of air, 
or more appropriately how to provide each individual with 
approximately the quantity of air mentioned above. 

Syste3is of Ventilation 

In any system of ventilation the size and shape of the 
room are important factors requiring consideration. This, 
however, in dwellings, workshops, factories, schools and 
dormitories is an economic question. But in any Case the 
room should be large enough to alloiy the air to be replaced 
two or three times an hour without any perceptible draught. 
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Taking this as the standard, the minimum space is about 
one-third the quantity of air required per hour, /.c., from 700 
to 1000 cubic ffc. per i)ersoii. The student should remember 
that air space by itself has little value unless the air is re- 
placed by free circulation of fresh air. 

All systems of ventilation may be classified into two main 
divisions depending upon the motive power which originates 
them. They are, therefore, classified into 
A. Natural. 

Ih Artilicial or Mechanical. 

A. Natural Ventilation. — This depends upon three 
factors, («) perflation and asjiiration, (/>) differences of 
temperature, and (c) diffusion of gases. Natural ventilation 
is considerably helped by building houses with suflicient open 
space and by having large numbers of windows opening 
direct into the outside air. CVos.9 rentilat/iori means free per- 
flation between windows and other openings placed opposite 
to each othei*. Naturally cross ventilation becomes impossi- 
ble in what are called hack to hack houses. 

(o) Perflation and Aspiration .— act either by per- 
flation or by aspiration. Perflation means blowing through 
a room, when the doors and windows are open, as a natural 
result of air movement. This is the most rapid method of 
changing the air of a room and allowing fresh air to enter 
through other openings. When air is moving it drives the 
air before it, lessens the pressure around it, and causes the 
surrounding air to move towards it by aspiration. Certain 
objections may bo raised against winds as ventilating agents. 
They are:— 

{i) The air may be very stagnant, and consecjuently venti- 
lation becomes most imperfect. 

{U) The difliculty of regulating the velocity of the current, 
which, by blowing very heavily against an exit shaft, may 
impede ventilation by obstructing the exit of the air. 

The perflating power of the wind has in some systems of 
ventilation been used as a motive power, specially in the 
ventilation of holds and cabins of shi])s at sea. The wind is 
conducted below by means of tubes with cowls so arranged 
as to face the wind, the vitiated or used air escaping through 
a different opening. The aspirating power of the wind and 
the production of a head of air, when the wind blows over 
the top of a tube, can be secured by covering the air shafts 
with cowls, which while assisting up currents prevent down 
currents. No cowl, however, is effective save that it prevents 
foreign bodies, birds, rain, etc., from entering into the shaft. 
Some are rotatory and the disadvantage is that these are 
active when the wind is high and they are not needed, and 
are stationary and obstructive when it is calm and when they 
are wanted. In Indian towns where narrow lanes are abut- 
ted by high buildings ventilation in the lower rooms becomes 
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necessarily imperfect. Movement of air in such rooms can 
be best ensured by large metal pipes inserted through the 
roofs with funnel-shaped mouths turned towards the wind. 

(h) Effects of Differences of Temperature . — Unequal tem- 
perature causes unequal weights in masses of air. If the air 
of a room be heated by lire or by the products of the respira- 
tion of men and animals or be made more or less moist, it 
tends to expand, and rises up or escapes through other 
openings, ddie outer colder air rushes in through every 
opening until the temperature of both outside and inside air 
becomes equal. But the incoming fresh air in its turn be- 
comes heated and so a constant current is maintained. This 
is the basis of natural ventilation and on this principle 
depends the ventilation of rooms in cold countries where 
coal fires are used. In India when the air is very stagnant 
and the difference of temperature between the external and 
the internal air is small, ventilation is more imperfect and the 
temperature is correspondingly increased. 

(c) Diff usion . — Gases diffuse inversely as the square root 
of their densities. It has been shown by Pettenkofer and 
Eoscoe that diffusion takes place in a room which is not air- 
tight, the air moving in and out and in every possible direc- 
tion through bricks, chinks and crevices in doors and 
windows, etc. But under ordinary circumstances the diffu- 
sion, if there be any, is very small, and organic substances, 
which are not gaseous, but molecular, are not at all inffu- 
enced by it. Therefore diffusion as a ventilating agent is 
inadequate. 

Inlets and Outlets. — The openings through which ven- 
tilation is carried out are known as inlets and outlets. Inlets 
are intended for the entrance of pure air and the outlets for 
the escape of vitiated air. 

In warm climates the doors and windows supply all the 
necessary ventilation, and in some instances pervious walls, 
as of bamboo matting, allow free perflation without any harm 
whatever. In colder climates the doors and windows have to 
be closed and special arrangements must be made for inlets. 
The chimney serves the purpose of an outlet, but if insuffi- 
cient, other outlets must be provided. 

{a) Inlets , — The chief point with regard to the inlet 
openings is that they should be placed in such positions that 
the air supplied be pure and not polluted before admission. 
In India where ventilation is carried out through doors and 
windows, these should, as far as possible, be on opposite 
sides of the room. Where special inlets are provided they 
should be near the floor, and from 24 to 48 square in. in area 
for each person. When the supply of air is cold, as in the 
hill stations, the current of air to which the body is exposed 
will be felt as a draught and might be intolerable ; but it 
may be allowed to enter without causing discomfort, provided 
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its direction keeps it from striking directly on the persons 
of the inmates* To secure this it should enter vertically 
through openings high enough to carry the stream into the 
upper atmosphere of the room where it would at once mix 
with warm air before its presence could be felt. 



Fig. 23 .— Sketch oe Various Provisions for Ventilation. 

A, Sash window. H, Hopper sash-light falling inwards. C, Ridge 
ventilation. J), Louvred outlets. E, AlcKinnePs ventilator. F, 
SheringhanPs valve. (L ElIison^s conical bricks. H. Tohin^s 
tube. (After Parkes and Kenwood). 

The common forms of inlets generally used in cold 
countries are : — 

1. Donhle Sasli Window with an air space between. 
Swinging windows are often employed as inlets especially 
in hospitals and schools. 

2. Louvres or ventilators made on the x^rincii)le of venti- 
lation blinds. These can be opened or closed at will by a 
mechanical arrangement. 

3. A hinge at the upper part of the window so that it 
can fall forward and act as a Sheringham’s valve. 

4. Bricks i)erf orated with conical holes with the narrow 
end outside. The air passing through the narrow to the 
broad end is so distributed that it is not felt as a draught. 

5. Tobin’s Tube, — It is a short vertical shaft of metal 
plate or wood which leads up the wall from the floor level 
to a height of 5 or 6 ft. The lower end opens into the outer 
air through an air brick or an opening made in the wall ; the 
current of fresh air rises in a smooth stream through the 


92 


HYGIENE AND PUBLIC HEALTH 


upper opening and it does not seem to change its direction 
until it has gone far above the opening. 

0. Sherincjham’s Yalm , — This is a flap door x)laced near 
the ceiling, and when opened it forms a wedge-shaped pro- 
jection into the room and admits air through the open top 
in an upward direction. 

7. Me KinneV s Ventilator consists of an inner and outer 
tube, one encircling the other, the inner forming the outlet 
tube, and projecting beyond the outer both outwards and in- 
wards. This is well adapted in hot countries when lixed on 
the roof of single storied buildings, c.//,, factories, theatres, etc. 

{h) Outlets . — As a general principle the outlets should be 
placed opposite to the inlets. Respired air has a tendency 
to go upwards and outlet openings are best provided at the 
upper part of the room. Rooms with sloping roofs can have 
outlets in the form of ridff e-openings along the entire top as 
in the case of Indian huts. In tropical climates windows 
are placed opposite to each other which act both as inlets 
and outlets. 

The regulation of the ventilation openings is of some 
importance. In colder climates it is better for the windows 
to open at the top with a slope from belotv upwards and 
inwards, so that the cold air may be directed upwards and 
then sink by its own weight. In India the windows almost 
always open either outwards or inwards, and consequently 
the regulation of the direct force of the wind is not very 
easy. By keeping the Venetians partly closed, and the inner 
glass shutters open, excess of light and wind may be pre- 
vented from entering the room. 

B. Artificial Ventilation.— Tliis may be carried out 
(a) by extraction of foul air, the fresh air entering to fill its 
place. — the Vacuum. System; (h) by propelling fresh air. — 
the Plenum Sysfem ; and (c) by a combination of both, — the 
Balanced System. In the extraction system the motive power 
which acts at the end of the air current, may be a fan, a fire, 
or a furnace ; whereas in the j)lenum system the motive power 
acts at the commencement of the air circuit, and must be 
some form of mechanical force. Of the two systems the 
propulsion method is more efficient because of the steadiness 
of its action. In order that both the systems should work 
efficiently, the room to be ventilated should conform to the 
conditions of a tight-fitting box except in the matter of inlets 
and outlets which should be provided. Open windows and 
doors disturb the continuity of the air current. This method 
of ventilation is suitable for large factories, specially those 
associate(J with dust, fumes and heat; schools; hotels; 
theatres ; etc. 

I. Vacuum or Extraction System.— 

(a) Fans . — These are used for extraction as they are 
easily regulated and the amount of draught can be controlled. 
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Two types of fans, are generally used, viz. low-pressure 
large volume Ians and high-pressure fans. The low-pressure 
or ring type fans are suitable for handling volumes of air 
that oiler little obstruction or resistance. These fans are 
mainly of the propeller type and are so lixed that they can 
draw air directly from a room where there are no obstruc- 
tions. For eliicient working of the propeller fans the follow- 


ing conditions are necessary. — 

(/) Abundant air supply to the room or place from which 
the fan is exhausting ; 

(ii) free access of air on intake side ; 

(in) free discharge; 

(iv) suitable speed. 

Iligh-pressure or centrifugal fans are used to extract or 
propel air against resistance, as for instance in extraction 


systems where long and tortuous 
ducts are essential. Iliey are, there- 
fore, useful in furnaces, and in 
chemical works. In parts of very 
large halls where the air often 
stagnates, exhaust fans are used 
to waft the still air into general 
circulation. A fan 2 ft. in diameter 
makes 630 revolutions per minute 
and discharges 6000 cubic ft. of air. 

(b) Open fire with Fine , — The 
principle underlying this system is 
that heat expands the volume of 
air, reduces the density, and thus 
causes an upward how which in 
turn sets up a current in the room 



Fig. 24-.— Propeller Fan 
WITH Motor. 


air. Ordinary lireplaces, chimneys and ventilating gas lights 
act in this way. The efficiency of ventilation depends upon 
the difference between the temperature inside the room and 
the temperature of the air outside. Mines are usually venti- 
lated in this way by lighting a fire at the bottom of an up- 
cast shaft which acts in the same way as a chimney does in 
a room. The ventilation is maintained by an intake shaft 
through which air is drawn down, and travels through all 
the workings and galleries of the mine before it escapes 
through the upcast or return shaft. The main point to 
remember in this system is that the fire should be put at the 
bottom of the upcast shaft and provision made at suitable 
points for free admission of pure air. By this method about 
1000 to 2000 cubic ft. of air are supplied per head per hour, 
but in mines where tire damp is evolved, as much as 6000 
cubic ft. of air per hour per man are given. This method 
is rather crude and expensive, and has been replaced by the 
use of exhaust fans at the head of the upcast shaft which 
suck the air up. 
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2. Plenum or Propulsion System.— In this system fresh 
air is driven into rooms by mechanical forces like revolving^ 
fans, steam jets or other appliances. The advantages of 
this system are that the source of air can be selected and 
the amount delivered can be regulated according to the 
requirements. But the air so treated loses its freshness and 
does not give that feeling of exhilaration one gets in 
ordinary fresh air. 

(a) Propulsion />// fans , — For this purpose centrifugal 
fans with eight or more blades should be used. The ducts 
should be large, as with narrow tubes not only is the resis- 
tance increased but the speed of the current for an equal 



Fig. 25.— Rolling Mill at Tinplate Works. 

Note the Plenum System ot ventilation supplying cold-air 
douche over the workers. (Courtesy of Sturtevant Engineer- 
ing Co. Ijd. London). 

delivery has to be raised. It is always convenient to have 
the outlets trumpet-shaped. This propulsion system of 
ventilation has the largest application in workshops and 
factories, and is used in operations attended with extreme 
heat as before furnaces so that cold air may be directly 
delivered over the workers. In very large workshops or 
public halls where there is difficulty of distributing air even- 
ly, this system with a number of ducts uniformly distributed 
will ensure efficient ventilation. 

(h) Propulsion hy Steam Jets . — The force of the steam jet 
forms the motive poAver. Tubes passing from adjacent 
rooms converge into the chimney below the steam jet and 
the upward current extracts air from them. This plan is 
very suitable in factories where there is a spare supply of 
steam. 

(c) Propulsion hy Pumps . — This is used in some collieriea 
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for forcing in fresh or extracting foul air. It is seldom used 
for ventilating buildings. 

H. The Balanced System. — A combination of both the 
plenum and extraction systems is sometimes used specially 
for the ventilation of largo halls with extensive sitting 
capacity. In the Houses of Parliament in London this 
system is in operation. The '^cool room’’ of the Calcutta 
School of Tropical Medicine is also ventilated by the com- 
bined system. 

The advantages of artificial methods of ventilation are 
the constancy and facility with which frCvSh air is supplied 
under all conditions, whereas natural ones though less 
costly are not under human control being subject to at- 
mospheric conditions. 

PURIFK^VTTON Ob’ A I It 

It is of primary importance that the air we breathe 
should be as pure as possible. Under ordinary circumstances, 
the air is constantly purified by certain natural processes 
which are discussed below. Put in large cities these natural 
processes are interfered with and purification of air is done 
by proper ventilation, or the air may be purified by washing 
by passing through a special air washer (.sec Fig. 21 ). This 
method is possible in artificial methods of ventilation. The 
natural processes of purification of air are : — 

I. Rain . — This carries dissolved or suspended impurities 
to earth as is evidenced by an increase in the amount of 
ammonia, etc. Rain is in fact a mechanical purifier and 
washes the air. 

2. Plants . — The green parts containing chlorophyll take 
in CO 2 from the air and assimilate carbon and give off 
oxygen to the atmosphere. 

5. A few constituents that enter into the composition of 
the atmosphere help also to purify it. These are oxygen 
and ozone. Ozone is often used to remove foul odour and to 
destroy micro-oganisms that may be present in the air. 

Examination of Ventilation oi^ a Room 

The examination of ventilation of a room or a dwelling 
house to determine its fitness for human habitation is gene- 
rally done by the folloAving methods : — 

1. Enter the room at the time of maximum contamina- 
tion, i.e.y sometime after the people have been there, and 
note the first \sense’ impression, i.c., whether the air is 
stuffy, smelly or otherwise offensive. This implies that the 
temperature of the air in the room is higher than that of 
the outside air, and that there is excessive humidity and 
stagnation of air. 

2. Make a note of the number of occupants, nature and 
number of lights, open windows and other fresh air inlets. 
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Ascertain the number of outlets. The rate of movement of 
the air is determined by an anemometer and the amount of 
air entering the room is then calculated. These observations 
should be supplemented by the use of kata-thermometer. 
(See page 83)- 

Determination of the Amount of Cubic Space. — This is 
done by multiplying the length, breadth and height where 
the room is regular in shape. Where the rooms are irregular 
in form with angles, projections, etc., certain rules for 
measurements of the areas of circles, segments, triangles, etc., 
must be followed. It is seldom necessary to make deductions 
for chairs, tables and other furniture that occupy only a 
small space. But deduction should be made for persons 
living in the room and for solid furniture like cupboards, 
bedding, etc., which occupy a certain amount of space. 
Kecesses containing air should also be measured and added 
to the amount of cubic space. The cubic contents of a room 
can be determined by any one of the following rules : — 

Oircumferenco of a circle -diameter (D) x 3.141 (>. 

Area of a circle - J>- x 0.7854. 

Area of an ellipse — product of the two diameters x 0.7854. 

Circumference of an ellipse -half the sum of the two diameters 
X3.1U6. 

Area of a square -square of one of the sides. 

Area of a triangle -base x ^ height, or height x } base. 

Area of parallelogram = divide into two triangles by a diagonal, 
and take the sum of the areas of the two triangles. 

Cubic capacity of a solid rectangle or a cube is found by multi- 
plying three dimensions together. 

Cubic capacity of a cylinder -area of base x height. 

(hibic capacity of a cone or pyramid^ Area of base x J height. 

Cubic capacity of a dome — Area of base x J height. 

Cubic capacity of a sphere — !)•* x 0.5236. 

The number of cubic feet of space per head is determined 
by dividing the total number of cubic feet (after necessary 
additions and deductions) by the number of persons occupy- 
ing the room. The floor S])ace per head is determined by 
dividing the total area of the floor by the number of persons. 

Heating and Cooling 

We have now to consider the problems pertaining to the 
heating and cooling of houses. This subject is intimately 
related to ventilation as difference of temperature is one of 
its causes. The heating of dwelling houses in India is 
restricted to certain hill stations, and even there only in 
winter. The opposite process of cooling the houses and 
atmosphere is more a necessity in India than that of heating. 
The means of producing heat are many, while the methods 
of keeping the rooms and the air cool, though limited, are 
being done with satisfactory results, but are rather expensive. 
A short description of both these methods is given below : — 
I. Distribution of heat. — For the purposes of heating 
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houses and of ventilation, lieat is commonly produced by the 
combustion of fuel, and is distributed by : — 

(a) Conduction. 

(/i) Jiadiation. 

(r) Convection. 

(a) Cimducfion. — Solids are, as a rule, good conductors of 
heat, while liquids and gases are bad ones, (lood conductors 
give off lieat rapidly to the surrounding air and to articles in 
contact with them. This process is very slow as air is a 
bad conductor of heat. 

(7>) Radiation. — l>y this is meant the giving off of heat 
from hot bodies, such as open fireplaces to colder ones 
through the air. During radiation, heat is transmitted in 
straigiit lines on all sides with e(iual intensity. The intensity 
of the radiant heat is in inverse ratio as the square of the 
distance. Thus if the heat at one foot distance from a tire be 
one, then at four feet it will be sixteen times less. 

(c) Convection. — Ity this process heat is transmitted 
through gas(\s and li(|uids. Convection de])ends upon a 
peculiar temhuicy of these bodies to expand with heat and 
thus to become lighter and rise upwards, their yilace being 
taken by colder and heavier portions, wliich in their turn 
become warm, expand and ascend, thus setting up a firocess 
of circulation of hot air in every part of the room. 

The common methods of heating dwellings are : — 

(a) Open lireplaces and grates. 

(7>) (dosed (ires or stoves. 

(c) Pipes charged Avith hot air, hot water, or steam. 

(a) Open Fireptaces. — This method is most extensively 
used in England and in the hill stations in India on account 
of the cheerfulness of the room and the efficient ventilation 
which it ensures. 

(ft) Closed Fires or Stoves. — In this method heat is obtain- 
ed by burning fuel in a grate enclosed by a good conducting 
or absorbing material on all sides except below the bars. 
The air coming in contact with this heated surface becomes 
warmed and thereby heat is disseminated. These stoves are 
usually made of cast iron, bricks or tiles. Coal, coke, paraffin, 
etc., are burnt in these stoves. 

(ias stoves are good for cooking and in cases where heat 
is required quickly and for a short time only. They should 
always have a flue, otheiAvise the products of combustion 
left in the room might affect the health of the occupants. 

(c) Heatincf by hot air, hot water, and steam are also 
resorted to, but are not ordinarily adopted in India. Heating 
of rooms with hot air should not be done. 

II. Artificial cooling of air. — This is most important 
in India, and excey)ting the different hill stations, cooling of 
the atmosphere and of the rooms is specially called for during 
the summer months. This is generally done by preventing 
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direct radiation of the sun from entering the room, and by 
keeping the doors and windows closed during the day time. 
By this method the air inside the house is rendered much 
cooler than the air outside, and a circulation is thereby estab- 
lished. The outside air can be made cooler by passing it by 
means of Thermantidotes or fan- wheels, through wet khtis- 
khtis mats or tatties which will have the additional effect of 
acting as lilters by removing all suspended impurities of the 
air. These are hung over doors and windows, and frecpient- 
ly wetted by sprinkling water on them. The evaporation 
of this water effectively cools the air of the room. Pans 
and punkahs though used as propellers also help to keep 
the room cool. By condensation and rarefaction of air 
certain changes in the temperature may be produced. By 
suitable arrangements of expansion cylinders, it is possible 
to have a supply of cold air, the temperature of Avhich is 
much below that of the surrounding bodies. This method 
of cooling is utilised in refrigerating chambers in ships 
carrying meat. Experiments made at the Calcutta School 
of Tropical Medicine in building what is known as the ^^cool 
room” seem to hold great possibilities for controlling the 
temperature of the hot months. This room is kept at a 
temperature of 70^ to 75® E. and is provided Avith inlets for 



cold and outlets for warm air. The cold air passes through 
a pipe connecting the room with an adjoining room, the fan 
room, and the Avarm air goes out by another pipe Avhich is 
discharged near the fan and passes over the coils into the 
cold air inlets leaving moisture behind {See Fig. 26). The 
fan has a wire protected contrivance for the supply of fresh 
air from outside free from dust. This also passes over the 
coils before reaching the cold air pipe. Next to the fan 
room is the ammonia machine room worked by a low speed 
motor. There is thus a constant circulation of air. Heated 
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air is being continually drawn off and returned again in the 
form of cool fresh air. There is no risk of chills, and by the 
provision of the line netting over the inlets and outlets 
germs and mosquitoes are also eliminated. 

The problem of air cooling in the tropics differs in prin- 
cix)le according to the local conditions of weather and cli- 
mate. Hpeaking generally, in northern India the air in the 
hot weather is excessively hot, over 100^^ F. but is dry ; a 
reduction of temperature alone will give comfort, even if 
accompanied by a rise in the relative humidity. The prin- 
ciple of cooling by evaporation is, therefore, made use of here 
— the hot dry air is passed through a thin layer of moisture 
and in 7)assing through evaporates the water and so becomes 
cooler by the heat being taken from it to evaporate the water. 

In hot moist climate like Bombay, Calcutta and Madras, 
the discomfort is produced both by high temperature and 
high humidity ; and the reduction of temperature alone 
would in itself be of little avail, as the absolute humidity 
would be the same and the relative humidity higher than at 
the original temperature. A reduction in both temperature 
and humidity is therefore necessary. It is to be remembered 
further that the feeling of comfort is the result of com- 
parison with outside conditions, and it is not necessary to 
produce a constant set of conditions throughout the year. 
In Calcutta, for instance, during the hot Aveather and rains 
and autumn, it will be sufficient if the temperature of the 
cool room or hall is brought to KF or 15® F. below the out- 
side temperature and the relative humidity brought to below 
do to 05 j).c. Some installations with this end in view have 
been installed in Bombay and Calcutta, in theatres, business 
houses and legislative council chambers. The “air condition- 
ing,’’ as it is called, is accomplished in the following manner : — 
Suj)pose the air outside is 00® F. with a relative Jiumidity of 
80 p.c.; we wish to have the air inside at say 70® F. and a 
relative humidity of GO p.c. The incoming air is drawn 
through a layer of line water jets, the water of which has 
been reduced in temperature to GO® F. by a cooling jdant. 
The air passing through these Jets is brought to GO® F. and 
leaves saturated with moisture, the excess moisture re- 
presenting 80 p.c. relative humidity at 90® F. being removed. 
Saturation at GO® F. equals 0.518 inch of mercury vapour 
tension. This air is then taken through ducts and delivered 
into the rooms. During its passage through the ducts it will 
become heated and will actually dissipate itself through the 
room at a temperature of about 75® F. It contains the same 
amount of moisture as it did at 60® F. and this represents at 
75® F. a relative humidity of 60 p.c. The air is drawn out 
at the iioor level of the room or hall by means of outlets which 
lead it back to the cooling machine where it can be used 
again. 
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PHE K KAMI nation OF AlU 

Collection of the Sample.— For examination purposes, air is best 
collected in larnfe wide-mouthed trlass jars of about 8 to 4 litres 
capacity, thorou^dily cleaned and dried. The sample should be taken 
at tlio time when tlie atmosphere is at its highest degree of vitiation, 
as for example, in the case of school rooms when all the students 
have been in the class for soiiu^ time. There are two methods of 
taking the sample : 

1. Take the jar tilled with distilled water into the room, and 
empty it by turning it upside down. Dry it in the room and put the 
stopper in lightly or cover it up with an india-rubber cap so that no 
oiit-side air can enter. 

2. Air may be blown in by bellows having a long noz/de, so that 
it may reacli the bottom of the jar, and displace aii’ from the very 
bottom. Whenever possible the examination sliould be doin^ in the 
room itself. 

The ve.ssels shoidd always bear a lalxd on which the cubical capa- 
city of the jar, the l>aroinetric |)i essure and the temiierature at the time 
of the collection of t he sample should be noted. 

One with an acute sense of smell can readily (hdect the presence 
of carbon disulphide, sulphuretted hydrogen, coal gas, organic matter, 
etc. De (diaumont was the first to point out that the peculiar fetid’ 
smell perceived oii entering an inhabited room from the outside was 
the result of the infliienci^ of* atmospheric humidity on the organic 
matter. 'Phe impression oncoming from tin* open air into an inlmbit- 
ed room should be recorded at once as the sense df smell gets dulled 
very soon. The smell also depends on the cleanliness or otherwise 
of tile room and its occupants. 

Idle examination of air should include the determination of, (1) 
suspended matter, dust and bacteria; (2) organic matter; (8) car- 
bonic acid ; (4) carbon monoxide ; (5) ammonia and watery vapour. 

1. Siispe)uieii Matter. presence in the air of ‘suspended 

matter is an indication of the kind of surroundings from which the 
air is taken, ddiey include not only dust of animal and vegetable 
origin but various micro-organisms. The detection of these organisms 
is of importance, for which a bacteriological examination of the air 
is necessary. Suspended impurities are ascertained by aspiratin<r 
the air slowly through a special apparatus, PoucheVs Aeroscope, oyer 
glass slides moistened with glycerin which intercepts the solid matter 
suspended in the air, and this matter is subseiiuently examined under 
a microscope. 

To examine the micro-organisms, special cultures are made in or 
upon the surface of sterile nutrient media. For this purpose various 
methods are used. A rough and ready method is to expose in the air 
to be examinml a lactose litmus agar in Petri dishes at varying 
intervals, and then to count the colonies which develop after a definite 
time. Special colonies, if desired, can be isolated and grown in sub- 
cultures and submitted to further examination. Frankland’s method 
consists in aspirating a known volume of air through a plug of glass 
wool and finely powdered cane sugar in a tube .5-in. in length and 
i;-in. in diameter. All the samples having been taken a lile-mark is 
made across the center of each tube, which is then broken in half and 
the plug of glass wool and sugar which retain all the micro-organisms 
is pushed by a sterile wire into a sterile flask of 150 c.c. capacity ^ In 
this 10 to 15 c.c. of licpiefied sterile nutrient gelatin are introduced 
when the sugar dissolves, the glass wool becomes distintegrated’^ 
and a roll culture is made on the walls of the flask, which is incubat- 
ed at 22“ (L and the colonies are counted when they have developed 
‘2 On, anie Matter.yThis is ostiiii.'.ted by aspiratinjr a definite 
quantity of air tbrongii a freshly prepared solution of potassium 
permanganate of known strength. The undecoinposed permanganate 
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IS determined by oxalic acid. The result is obtained by calculatinpr 
the mirnber of cubic feet of air required to decolorise ().OO.T grin, of 
potassium permanganate in solution. 'Phe test, however, is not 
very satisfactory, as it gives no indication of the nature of the 
organic matter, whether of animal or of vegetable origin. Aloiever, 
nitrous, sulphurous and otlier acids present in tlie air give the same 
reaction. 

3. Carbonic Acid. -The presence of carbonic acid in the air is 
not injurious to health, but being a product of combustion and res- 
piration its estimation gives an idea regarding the degree of iiollu- 
tion of the air. Many methods have been d(‘vised for the estimation 
of (X).. in the atmosphere. 

Pet fenko fay’s Method, 'fliis method depends on the fact that an 
alkaline medium like lime wateror baryta, water absorbs CO.^, the alka- 
linity being thus diminished. XXierefore thc^ difference in the degree 
of alkalinity before and after the experiment gives an index of the 
amount of CO.,. 

Technique. — Add .50 c.c. of clear and fresh baryta water to the 
sample of air in a. Winchester quart and rcqilace the stopper. Allow 
it to stand for some time with occasional shaking to alloAV the (X).^, 
to mix with the baryta water to form barium caikonate. 'fhe alka- 
linity of baryta is determined by a standard solution of oxaJ ic acid, 

1 c.c. of which is equivalent to 0.5 c.c. of CO.,. Phenoljihthalein is 
used as an indicator, the colour disappearing on neutralisation. 

Haldane’s Method,— 'V\ui^ is the most practical and convenient 
metliod and gives sutlicient accurate results. Haldane uses ordinary 
gas analysis apparatus and determines tlu^ loss of volume in the 
sample before and after absorption of the CO., by caustic potash 
solution. A glass burette with a wide ungradnated portion, and a 

narrow portion graduat<‘(l in division th part of the capacity 

of the burette is employ(‘d. 'Phis is enclosed in a water jacket, 
and a control tube of approximately the same si/.e as the gas burette 
is used to correct the variation of temperature. The diminvition 
of volume as shown by the differencit between the t\vo readings, 
/.e., before and after absorption, by measuring the level of tlie potash 
solution in the narrow* bore tuliing of the absorjition pipette, gives 
the ri'sult in volumes ])er 10,000. 

1. Carbon Monoxide, -(a) Solution of blood is mixed Avitli the 
sample of air to saturation when it forms a yellow solution ; if the air 
contains carbon monoxide the colour becomes pink. (6) Aspirate air 
through diluted dePibrinated blood and (‘xamine under a spectros- 
cope. If carbon monoxide is present two well-marked bands in yel- 
low and green part between lines D and K xvill be seen. On the 
addition of ammonium sulphide no change will be found in the air 
containing (X)but in oxylnemoglobin two lines will be reiilaced by a 
single broad line showing the spectrum of Inemoglobin. 

5. Animonia. and Watery Verponr.- Ammonia is estimated by 
drawing the air through distilled water previously tested as to its 
freedom from ammonia and then examining the water according 
to NessleCs test. 

Watery vapour is determined by various forms of the liygro- 
meter. For a description of these see Chaptei- on “Climat<‘ and 
Meteorology.^^ 



CHAPTER III 


OCCUPATIONAL HYGIENE AND OFFENSIVE 
TRADES 

Within recent years industrial hygiene has assumed an 
important position in preventive medicine owing to the 
enormous progress made with regard to different industries. 
This deals with the health, tlie welfare, and the human rights 
of tlie v^st majority of the population. Ncav problems have 
been introduced largely through the development of new 
industries and the invention of new processes. Thus, we 
have the mining industries wliere the miner is comi)elled to 
work underground, and where the mortality from accidents 
and diseases of the lungs is high. Coal miner^s ))hthisis and 
anthracosis are well-known diseases. In jute and cotton 
mills, the workers are exposed to dusty occupation for several 
hours, and are likely to suffer from chronic lung troubles. 
Liability to plumbism in tlie manufacture ^of white lead; 
necrosis of the jaw in the manufacture of matches ; produc- 
tion of epitheliomatous ulceration and cancer of the skin in 
those handling pitch, tar and oil; and the risk of life and 
limb to those working in mills, railways, mines, etc. ; the 
dangers of inhaling irritating fumes from different sus])ended 
impurities, gases and effluvia (see page 82) ; the risk of 
infection from anthrax among persons handling wool, horse 
hair, hides and skin; and finally the liability to hookworm 
infection — these are all typical occupational diseases. Apart 
from all these, there are other conditions, though not directly 
related to industries, which seriously affect the health of the 
workers. These arise from poor ventilation, lack of cleanli- 
ness. over-crowding, faulty lighting arrangements, etc. 

Industrial hygiene or industrial medicine has been des- 
cribed by Collier* as the study and application of the prin- 
ciples and practice of modern medicine and hygiene to the 
special f)roblems of health and disease as they are met with 
in industry. The field of study covered by ^‘Industrial 
Hygiene’^ may be divided into three groups, vis, 

1. The establishment of health in industry — Industrial 
Hygiene. 

2. The prevention of diseases and accidents. 

3. The repair and healing in case of accidents and disease 
in industry. 

The medical profession, therefore, should be able to advise 
upon all matters affecting the health of the workers and to 

* British Medical Journal^ Feb. 1, 1936. 
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forecast the effect on health of any proposed new process 
or new substance which are likely to become imi)ortant from 
the point of view of industry. It is, therefore, necessary that 
an ehicient medical service should be planned so that it can 
perform the following functions necessary for the welfare of 
the workers. 

In order to improve the sanitary condition of the i)eople 
working in different industries, certain rules have to be 
followed for the welfare of the workmen. The following 
require careful consideration: — 

1. Hours of Work . — These require to be regulated 
according to the nature of the work, the physical exertion 
required, and the amount of nervous tension. Special consi- 
deration should be shown to women and children. Pregnant 
women should not work for several weeks before and after 
confinement. Boys under eighteen years should not be 
engaged for works involving danger to health from irritating 
dust or poisonous Limes. Idie Koyal Commission of Labour 
in India (1931) fixed the weekly working hours for fac- 
tories to 51 and the daily limit to 10. For women the rest 
period should include the hours between 10 p.m. to 5 a.m., 
and for children the work should not exceed 7^ hours and the 
rest period should include 7 p.m. to 5-30 a.m. 

2. Periodical Inspection. - In this country medical exa- 
mination. of entrants into a factory applies only to children 
and adolescents. An additional measure of ])rotection is 
periodical medical inspection of the factories and the wor- 
kers exposed to known risks. This may be done weekly, 
fortnightly or monthly and may be carried out by the 
certifying surgeon or a surgeon approved by the Chief 
Inspector. During these insjicctions, the conditions under 
which the work is carried on, and tliose under which the 
workmen live outside the working hours, require very 
careful supervision. Ventilation, dust, cleanliness, gases, 
vapours, heat, dampness, light, overcrowding, drinking water, 
washing facilities, latrines, sanitary arrangements, hours of 
work and rest, etc., all require to be investigated. Periodi- 
cal medical examination, whereby minor ailments may be 
recognised and treated, and the testing of workers’ litness 
after a few years of factory service, would, by the elimina- 
tion of the unlit, tend to maintain industrial efficiency. 
Thus examination of the blood for basophilic stippling is 
of great value in the prophylaxis of plumbism. Moreover, 
facilities should be available for periodical examination and 
repeated radiographs of the lungs in persons exposed to 
the risk of tuberculosis or pneumonoconiosis. 

3. Accidents. — Industrial accidents still exact too high 
a toll of human life. These are common in those working in 
railways, mines and factories, and with proper care it is 
possible to reduce these to a minimum. Certain special 
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injuries and diseases are common to workmen ; for instance, 
spinal curvature due to faulty posture ; varicose veins 
from long standing ; injuries to the eye from fragments of 
stone or metals; impairment of vision from faulty lighting, 
or eye strain ; etc. Since many accidents are preventable, 
they ought to be prevented. The fencing of exposed ])ortions 
of the machinery, the cleaning of machines after they have 
eeased running for the day, the protection of the lifts, better 
illumination of the work room, passages and stairs, and ins- 
tructions given to the workers on the dangers incidental to 
the work, will considerably lessen the number of casualties. 

4 . FAcihf/ing. — Whatever may be the nature of work, there 
must be suiUcieut light in every factory to enable the workers 
to see clearly and without any eflort. It is, of course, clear 
that the amount of illumination necessary will vary with the 
nature and character of the work, but there must be a limit 
which should not be exceeded, since defective lighting in 
any workshop or factory often increases the risk of accidents. 
The lighting of coal mines is of special importance. It has 
been dehnitely established that defective illumination is the 
major factor in the causation of miner’s nystagmus. VAOien- 
over possible, natural lighting should be preferred ; therefore 
all workshops should be made to face east and west so 
that the sun might enter the rooms. 1^he light available 
should be well distributed, and if the walls are periodically 
white-washed it will not only help to keep the rooms bright 
but will also help proper diffusion of light. When artificial 
lights are used, preference should be given to electric light- 
ing, as this causes no vitiation of the atmosphere. Indirect 
illumination is the best, specially when reflected from the 
ceiling. When low bright lights are used they should be 
protected with a shade or reflector so that no beams from 
the lamp can fall directly on the eye of the worker when 
looking either at his work or horizontally across the room. 
Insufficient lighting, besides increasing the incidence of 
accidents, damages the eye sight and leads to general in- 
sanitary conditions, as accumulation of dirt and other defects 
may pass unnoticed. 

5. Ventilation. — Efficient ventilation is essential in all 
factories and workshops. Badly ventilated workshops lower 
the vitality, increase susceptibility to disease and interfere 
with the mental and physical efUciency of the workers. In- 
dustrial fatigue is partly due to air stagnation and polluted 
atmosphere. Natural ventilation, except in small workshops 
and factories, is not always possible. In every case arrange- 
ment should be made for cross ventilation. In single-storied 
workshops ridge ventilation or sloping central ridge roof is 
quite efficient. In large factories, specially those associated 
with dust, fumes or heat, mechanical system of ventilation 
is necessary. This may be either extraction or exhaust 
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ventilation, or plenum or propulsion, or a combination of 
both. A supply of cool air to places where hot Avork is 
carried on, e.g. the furnace dej)arlnient of gas works or tin 
plate works, where the workers are subjected to very liigh 
temperature, adds greatly to tlieir comfort, health and 
eOiciency. This is best done by an eflicient plenum system 
of ventilation whereby a cold douche of air can be deliver- 
ed over the heads of the workers (Fig. 25). 

(). CleanUness , — Cleanliness of factories and workshops 
and their surroundings slioiild be maintained. The walls 
and ceiling require ])eriodical lime- washing or painting, and 
every attempt should be made to keep away efiluvia and 
dust. This is more important in dusty trades (.seep. 117), 
specially where the dust is poisonous or otherwise danger- 
ous. Tn textile mills dealing with jute, wool, flax and silk, 
where large quantity of dust and waste materials are thrown 
during the various manufacturing processes, these require 
careful liandling for the health and efiliciency of the workers. 
To eliminate dust and to keep the difterent machinery in 
proper order, the use of vacuum cleaners and installation of 
dust removing plant give satisfactory results. Cleanliness 
of the skin is an important matter for coal miners to prevent 
getting beat-knee and beat-elbow which are due to septic 
infections of the skin at sites which liave become irritated 
during work. Provisions for water and places for washing 
should be obligatory for workers in dusty processes. 

7. Education of Workmen as to the Nature of Danger. — All 
workmen should know something of the danger of the 
material with which they come into contact. The factory 
])hy8ician should tea.ch the workmen to take an interest in 
protecting themselves. They should know the value of 
cleanliness in lead works. Precautionary placards and illus- 
trated notices should be used in the work rooms concerned. 
Men should be trained in the methods of artificial respira- 
tion so that these can be employed promptly in carbon 
monoxide poisoning. The workmen should never remain 
ignorant of the poisons they are handling. 

<S. iLnmkliUj . — It is usually thought that the Ijcalth of 
the workers in the wet or humid sheds is worse than of those 
working in the dry sheds. When humidity is ])resent heat 
is far more diflicult to withstand, as the body cannot then 
cool by sweating. Put Greenwood in a recent investigation 
has thrown some doubt on this, and liis results would seem 
to show that the temperature is a more important Ihctor 
than humidity. A recent Commission in India recommended 
that when artificial humidification was used in cotton factor- 
ies in India the wet kata reading should not be below eleven. 

In the year 1934 the Indian Factories Act (modified) 
was passed to improve the hygienic conditions under 
Avhich the people work, and also to take measures to prevent 
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diseases incidental to particular occupations. By this Act 
the Local (xoverninents can apy)oinfc inspectors with powers 
to regulate hours of work and to recommend sanitary mea- 
sures with regard to ventilation, lighting, water-supply^ 
latrine and urinal accommodation and general cleanliness, 
provision for means of escape in case of fire, precautions 
against fire and accidents, as would be conducive to the 
health and welfare of the factory hands. The Royal Com- 
mission of Labour (1931) recommended that every factory 
should be com])elled to maintain separate and sufficient 
number of latrine accommodation for males and females, 
and adequate staff to keep them clean. They further 
observed that creches should be provided for children uj) 
to the age of G years when considerable number of women 
are employed. This should be statutory for places employ- 
ing 250 women or more. 

Industrial Poisons 

Lead. — Lead is a cumulative ])oison and being an impor- 
tant article of commerce it is a most common and insidious 
industrial poison. It gains entrance into the system by (a) 
swallowing minute particles when it is converted in the 
stomach by the hydrochloric acid of the gastric juice into 
a chloride, which is readily soluble; (h) inhaling dust and 
fumes of lead when in a molten state; and (c) absorption 
from the skin in handling lead, specially when mixed with 
oil, as ill paint. Chronic poisoning originates from the slow 
absorption and retention of minute (|uantities of the metal. 
Workers in lead factories and those who constantly liandle 
lead are very prone to poisoning as they generally conta- 
minate their food with their unwashed hands. Once absor- 
bed, lead is stored in the bones probably in the form of 
triple phosphate which is harmless, because the normal 
hydrogen-ion concentration of the blood cannot dissolve it, 
nor as long as there is positive calcium balance in the 
blood. Acidosis and alkalosis Avill dissolve lead out of the 
bones, specially if calcium is delicient in the diet. 

Trades and occupations in Avhich lead poisoning is likely 
to arise are : — Lead mining and smelting ; manufacture of 
red, Avhite or carbonate of lead ; painters and colour 
grinders ; manufacture of lead pipes and plumbers’ supplies, 
such as solder, etc.; shot manufacture; type founderies ; 
coloured glass manufacture ; various textile trades where 
colouring matter containing lead salts are used ; pottery 
manufacture during painting and decorating or gilding; 
and manufacture of storage batteries where lead grids or 
perforated plates are used. 

Tetraethyl lead added to ordinary petrol gives rise ta 
highly toxic and poisonous fume in the process of combustion.. 
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It is readily absorbed by the liin^^s and skin ^^iving* rise to 
symptoms of acute and subacute lead poisoning. 

The preventive measures should consist of cleanliness of 
the hands and linger nails, frequent bathing, the use of 
separate clothing while at work, thorough washing of the 
hands and rinsing the mouth before eating, use of non- 
poisonous x)aints and processes in plac^ of those which 
usually cause plumb ism, and a voidance of any food in the 
workroom or where there is suspicion of lead in the air. 
Good nutritious food with plenty of milk (because ofitsliigh 
calcium content) and avoidance of all excesses, specially 
alcohol, are essential. The Avorkshoj) should be kept clean, 
well-ventilated, and free from dust by wet cleansing of 
floor, etc. Arrangements should be made for rapid and 
complete collection of all fumes and dust by the installation 
of suitable exhaust ventilator. Handling of poisonous 
materials should be reduced to a minimum by substitution 
of mechanical methods. The International Labour Organisa- 
tion of the League of Nations at Washington (11)10) pro- 
hibited employment of Avoinen and children (under 18) in 
certain |)rocessos connected with manufacture of lead. 

Mercury. — Persons engaged in the preparation of vermi- 
lion, barometers, thermometers, and workers in factories 
where mercurial salts are either prepared or handled, expose 
themselves to the poisonous effects of the metal. The usual 
channels of entrance are the same as those of lend and arsenic. 

The sanitary precautions to be observed are similar to 
those mentioned in the case of lead. Workmen should be 
provided with overcoats. Special attention should be paid 
to the proper care of the mouth and teeth, and all carious 
teeth should either be removed or filled. Metallic mercury 
vay)orises even at the ordinary temperature and may produce 
poisonous effects. It should, therefore, be kept covered to 
lessen the emanations as far as possible. The floors should 
be so constructed as to render the collection of all spilt 
mercury easy. 

The following precautions should be adopted to prevent 
mercurial poisoning : — 

1. The adoption of exhaust A^entilation wherever dust 
and fumes are evolved. 

2. To carry on all work in rooms at a temperature below 
GO® F. so as to reduce the danger of volatilization to a 
minimum. 

3. To have workrooms with smooth asphalt floors ; all 
benches, tables, etc., having enamelled iron tops. 

4. Taking such measures as will prevent spilling of 
mercury. 

5. Workers provided with respirators and overalls. 

Phosphorus.— It is used chiefly in the manufacture of 

matches, and poisoning occurs only in those who expose 
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themselves to its fumes. Tliey sulfer from necrosis of the 
jaw, or from a characteristic cachectic condition with ame- 
mia, dyspepsia, albuminuria and bronchitis. bVaijiUtas os- 
sium is also found in those working in phosphorus. 

Precautions. -The use of yellow phosphorus, which is 
more poisonous, is now forbidden by law and is substituted 
by sesquisiilphidp of phosphorus which is harmless. The 
safety match contains no phosphorus and is harmless. The 
^‘strike anywhere” matches may be made with non-poisonous 
sesquisulphide of p]ios[)horus instead of the poisonous white 
phosphorus. The fumes of white and yellow pjiosphorus are 
rich in oxides and are readily absorbed into the human 
system. 

Special care should be taken of the teeth, and persons 
with carious teeth are particularly susceptible to the action 
of phosphorus. Ri^?id personal cleanliness should be observed 
and washing out the mouth with alkaline solutions encourag- 
ed. The work should be carried out in Ijirge, well-ventilated 
rooms, and if possible in the open air. The inhalation of 
turpentine with a view^ to oxidise phosphorus is also recom- 
inonded. 

Arsenic. — Poisoning is common amongst tliose wlio 
handle arsenical pigments; inhale arsenical dust from wall- 
papers; who are engaged in the making or manufacture ol 
Paris green, Scheeles green, and articles coloured with 
arsenical dyes, e.(f. artilicial llowers; or amongst those who 
prepare the skins of animals for stuffing. Arsenic may 
enter the system by the same routes as lead. Poisoning 
may occur (1.) from the dust of salts of arsenic, by inhala- 
tion and contact ; and (2) from arseniuretted hydrogen 
gas. The possibility of arsenical poisoning from food-stuff 
should be kept in mind. An outbreak occuriaul in Man- 
chester from contaminated beer. The arsenic was derived 
from glucose and invert sugar used in the manufacture of 
beer, (xlucose is prepared from starch, and invert sugar 
from cane sugar by the aid of sulphuric acid Avhich may 
contain arsenic. The salts act as local irritants s])ecially 
around the nose, mouth, armpits, etc. The symptoms of 
Irritation are seen on the skin in the form of acneform or 
eczematous eruption; on the mucous membrane of the air 
passjiges and eyes, causing con junctivitis and oedema of the 
eyelids, running of the nose, dry throat ; and gastro-intesti- 
nal symptoms producing great thirst, lo.ss of appetite, colic, 
vomiting and diarrhoea. In some cases the nervous system 
suft'ers, causing neuritis and paralysis of the peripheral 
nerves. 

The sanitary precautions necessary are similar to those 
described under lead poisoning. The substitution of harm- 
less colours in place of arsenical pigments would do much to 
prevent the harmful effects. 
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Industrial Gases and Fumes 

In many industries the fumes and smoke given off are 
dangerous to the workers and re(|nire serious attention. 
Arrangement should, therefore, be made for tJieir removal and 
to prevent any from escaping into the building and thus 
acting on the health of the workers. This is specially 
necessary in chemical industries and metal workers. Pro- 
vision should be made for suitable hoods so that the fumes 
are led through them into an exhausting system which is 
served at the extractor end by a centrifugal fan. 

It is now established that metal- fume fever or brass 
founders acfue is caused by the breathing of the solid 
particles of zinc, magnesium, or copper oxides present in 
fumes generated in the burning of these metals. The fume 
fever, however, does little permanent harm and the metallic 
oxides causing it are not true industrial poisons. liecently 
cases of fume fever have been noticed in the welders of 
galvanised iron, the causative agent being zinc oxide, form- 
ed when the zinc of the galvanised coating* is boiled off 
during welding. Titus, Warren and others* found that 
animals exposed to the vapour generated during electric 
welding of steel developed severe or fatal pulmonary cedema,^ 
due according to these observers to gases generated by 
the arc, viz. nitrogen peroxide and ozone. The respiiatory 
hazard in welding can be prevented by the use of respirators 
or air masks, or by proper ventilation of the work-place. 



Fig. 27. — Methods oe Removal of Smoke 
AND Fome.s. 

((k)uit(*sy of Sturtcvnnt EngiiKMoing Uo., Ld., London). 

I. Arseniuretted Hj/droueiK /I.S//3. — This gas is found in 
chemical and galvanising works. Cases of poisoning occur 
from the us('. of ( ommercial acids derived from arsenical py- 
rites, or by th(‘ action of acids on metals containing arsenic. 

*. Journal of I ndnstrial Hyffiene. July, 19S5. 
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The inhalation of this gas produces symptoms of toxic 
Jaundice and hcCinolysis. 

2. Carbon Monoxide^ CO.— It is a colourless gas without 
any taste or smell, and as it is formed at lower temperatures 
than OO 2 , it is easily produced whenever the air supply is 
deticient. The contact of a gas Haine with cold metals, or a 
cold plate reduces the temperature to that which helps a con- 
tinuous supply of CO. Coal gas contains G p.c. and water gas 
30 p.c. of CO and they are dangerous. Turning a gas tlame 
of a cooking stove too high means a good supply of CO. 
It is extensively found in various industries and is the result 
of incomplete combustion of carbonaceous material. It is 
also formed by the deoxidation of CO 2 and in the ‘^after- 
damp” of mine explosions {see ])age 11,3). It is given off 
from the blast furnaces of iron industries. Cases of poison- 
ing also occur from burning of any form of fuel, c.r/. coal, 
wood, charcoal, etc., without sullicient provision for the ])ro- 
ducts of combustion to escape. Accidental cases of poison- 
ing are of very frecpient occurrence specially because the 
gas has no odour or irritant action. It has greater aflinity 
for haiinoglobin than oxygen ; and forms a stable compound 
with hicmoglobin (carboxyhtemoglobin) replacing to a large 
extent the loosely combined oxygen. It thus i)aralyses the 
action of the blood corpuscles to act as an oxygen carrier. 
The elfects are, therefore, due to oxygen deprivation which 
deranges the normal metabolism of body cells. 

The earliest symptom is weakness of the limbs which 
may supervene without any warning. In others there may 
be a sensation of heaviness in the head, giddiness, noises 
in the ears and palpitation, with nausea and even vomiting. 
When these symptoms appear, the blood is already half 
saturated with the jmison. Sometimes the loss of muscular 
power is sudden and the person becomes insensible. If not 
treated, cyanosis appears with hurried breathing, convulsion 
and death. 

Breathing small quantities of CO for long periods may 
produce deleterious effect on the health causing anicrnia, or 
a form of mental derangement leading to nervous break- 
down. The after elfects are varied in character: nausea, 
headache, symptoms of heart trouble, hamiorrhage into the 
central nervous system, neuritis and attacks of pneumonia 
may appear. An early symptom of chronic poisoning is 
fainting and loss of power on exertion, and headache. 

Haldane has shown that the presence of 0.05 p.c. of 
carbon monoxide in the air produces toxic symptoms in 
man. When the air contains 0.08 p.c. of GO the hemo- 
globin becomes half saturated, and the prcvsence of 0.1 p.c. 
causes symptoms of headache and lethargy to appear within 
one hour. Accidental deaths from CO poisoning is not 
uncommon in private houses during cold weather when 



OCCUPATIONAL HYGIENE 


111 


people sleep with all doors and Avindows closed and keep 
an oil lamp or a charcoal tire burning within the room. 

Recently the danger of CO poisoning in air craft and 
motor cars due to the formation of this gas as one of the 
X)roducts accompanying the burning of petrol in an internal 
combustion engine has been emphasised. The detection of 
CO either in the blood of pilots or in the air of cockpits led 
to modification of the exhaust manifolds, and all new planes 
are tested and CO eliminated before they are accepted by 
the IT.S. Navy. The danger of CO poisoning from open 
tourer motor cars is less in open streets where the gas is 
freely diluted, but in traflic tunnels where the CO concen- 
tration may be high when the trafiie is held up, the danger 
is great. But the advent of the saloon type of motor cars 
provided a means of the gas to accumulate even in 0 })en 
streets. The danger may arise in closed garages Avith the 
engines running, Avhen the concentration of CO may rise 
rai)idly. Therefore garages should be properly ventilated 
and care should be taken that discharging gases do not 
leak into the interior of the cars. 

Tlie person must be removed to the fresh air and kept 
lying doAvn and artiticial respiration should be carried on 
for at least half an hour. In fact recovery may take place 
after several hours of unconsciousness. Inhalation of oxygen 
Avith 7 p.c. CO 2 should be given to stimulate respiration. 

3. Snlphu retted Ilifdroijen, IhS . — This gas lias a peculiar 
smell of decomposed eggs, and is dangerous to health even 
in 0.2 to 0.4 ]).c. It is sometimes found in old scan ers, and 
in mines as the product of decomposition of iron pyrites. In 
minor (h^grees of poisoning it causes headache, gastric 
disturbances, nausea, inllammation of the conjunctiva and 
cough. When inhaled for long periods it causes convulsion, 
paralysis, coma and death. 

4. Chlorine, Cl , — This gas is evolved in the manufacture 
of clilorine, chloride of lime, chlorates, in bleaching xirocesses, 
paper mills and in the manufacture of chlorine disinfecting 
agents. It has a strong penetrating odour and causes suft'o- 
cation. In acute poisoning it causes lachrymation, coryza, 
cough and dyspiuea. There may be bronchial catarrh and 
pneumonia. Chronic poisoning caused by inhalation of 
minute quantities gives rise to ancemia, gastric disturbances, 
headache, and the gradual decay of health Avith emaciation. 

5. Ammonia, Nils . — The gas has a sharj) penetrating 
odour and is evolved in the manufacture of ammonia, and sal 
ammoniac, in the silvering of mirrors, tin plating, in connec- 
tion Avith refrigerating plants, and in the manufacture of 
ice. Prolonged inhalation causes chronic bronchial catarrh, 
irritation of the mucous membrane of the respiratory tract, 
inflammation of the conjunctiva, salivation, paroxysmal 
cough with expectoration of thick viscid mucus, etc. 



112 


HYdTENE AND PUBLIC HEALTH 


(). Carbon Disulphide. CS 2 . — This is used chiefly in the 
rubber industries and one part in a million of air is said 
to be toxic, and breatliin^ of one and a half |)arts per 
million produces serious symptoms. Tt is also used in the 
manufacture of waterproofs, as a solvent of fats, and in 
the preparation of cellulose for artifiicial silk, etc. Acute 
poisoning is rare. Chronic ])oisonin^ may occur after pro- 
longed exposure. lieadache, nausea and dizziness are the 
early symptoms ; these are followed by cold in the ex- 
tremities ; or pain, cramps, numbness or amesthesia in 
different ])arts, of the body, 'riiere may be dimness of vision 
with weakness tremor or larg-er involuntary movements. 
Digestion may be imi)aired and there may be colic, diarrluea 
or constipation. Patient becomes irritable and depressed. 
Memory becomes weak, extremities cyanotic and the knee 
jerk exaggerated. Pathological changes are atrophy and 
fatty degeneration of muscles and connective tissues. It 
acts on the blood and causes Inemolysis. 

Prevention . — Use less poisonous solvent, e.if. carbon tetra- 
chloride. Efficient ventilation is of the highest importance. 
The gas is beavier than air, therefore exhaust pipes should 
be placed on the floor. Mechanical and closed methods of 
handling should be adopted as far as possible. The gas being 
inflammable no naked lights should be used. 

CoAi: Mixks 

According to the census of 1921, about 181,591 persons 
were employed in the different coal mines in Bengal, Bihar, 
and Orissa. Of these about 125,000 persons work within 
the jurisdiction of the Asansol Mines Board of Health in 202 
collieries. The miners work more or less in darkness, and 
as a result of their peculiar attitude during work suffer from 
^‘Beat elbow” and ‘^Beat knee”. Bursitis follows which 
subsequently becomes the site of septic cellulitis. The 
installation of pithead baths will do much to prevent these 
septic troubles. The unnatural conditions under which the 
miners have to work underground, more or less in darkness, 
and under imperfect ventilation, contribute to make their 
occupation a risky one. Owing to defective illumination 
a peculiar form of eye trouble, miner's mfstaffnius, develops 
among the Avorkers. Tlierefore mines require proper illumi- 
nation. The ideal illumination is by the cap lamp ; where 
this is not possible, a hand lamp of not less than 4 candle 
power with frosted prismatic glass with a slight greenish 
tinge should be introduced which will prevent pillar shadows 
and diminish glare. Plain glass electric lamps should not 
be used underground owing to the marked glare. But the 
diseases from which the miners in Bengal collieries suffer 
most are cholera, small-pox, dysentery and pneumonia. 
Owing to the frequent and uncontrollable outbreaks of 
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cholera and small-pox in the collieries, the Asansol Mines 
Board of Health was established to prevent the outbreak 
and spread of dangerous epidemic diseases. Besides the risks 
of accidents, the miners vsuft'er from hook-worm infection, 
owing to the unsatisfactory method of disposal of excretal 
matter. Although hook-worm infection is widely spread in 
this settlement, hook-worm disease is absent. The percent- 
age infection amongst the underground workers is 15 to 20 
p.c. higher than amongst workers on the surface. Women 
are less infected than men. 

Ventilation in Mines . — Within recent years several acci- 
dents of a serious nature occurred in mines not only in 
India but also in England. These were mostly due to 
explosion, and this emphasises forcibly the necessity of 
effective ventilation and other precautionary measures. 
Ignition may be caused by discharge of sparks from defect- 
ive electric installation, or methane may accumulate in 
such ])roportion as to cause explosion when mixes with 
oxygen of the air. On the other hand oxygen of the air 
may be so diluted as to cause respiratory distress. In fact 
when the oxygen falls to 14 p.c. the miners feel dizzy, 
heart beats rapidly, there is buzzing in the ear and some- 
times headaches. Owing to the evolution of gases such as 
fire dantj) (consisting of methane, CH 4 ) and occasionally 
ethane {O 2 H 6 ), after-damp (carbon monoxide), and white- 
damp (CO, sometimes ILS) in coal mines, arrangements have 
to be made for artiticial ventilation. Fire-damp explodes 
when present in the proportion of 5 to 13 p.c. and is recog- 
nised by the appearance of a pale ^^cap’’ of flame over the 
ordinary flame of the lamp. After-damp or carbon monoxide 
is formed after explosion, and also from spontaneous oxida- 
tion or combustion of the coal in the ‘‘gob’’ or waste and 
from fires. The gas replaces oxygen in the red blood-cells, 
and if the air contains over 0.2 p.c. it will cause death. 
Black-damp is air from which whole or part of the oxygen 
has been removed by combustion or oxidation of iron pyrites 
present in the coal. This gas is normally found in mines, 
but is formed in the largest quantities in old and ill-venti- 
lated workings. Its presence causes the light to become 
dim, and if present in large quantities the light is exting- 
uished. Owing to the presence of these gases in the air of 
coal mines an abundant supply of fresh air is necessary to 
minimise the dangers arising from them. Ventilation is 
done by the use of large centrifugal fans at the head of the 
up-cast shaft which abstract the air. 

Offensive Trades 

Certain trades require to be supervised by sanitary 
officials partly on account of these being a source of nuisance, 
because the smell or effluvia which they give off* might act 

8 



114 


HYGIENE AND PUBLIC HEALTH 


injuriously on the health of the people, and partly on 
account of the materials or process employed having an 
influence prejudicial either to the health of the workmen 
or of the surrounding population. 

1. Keeping of Animals.— In rural districts the keeping 
of animals is not likely to cause mucli nuisance ; it is only 
when they are kept in crowded, ill-ventilated, and badly 
drained localities in towns, that the emanations become a 
source of nuisance. Pigs, horses, cows and other animals 
often create a nuisance chiefly from the storing of grains 
and other food-stutfs in a wet state and the accumulation of 
dung and soakage of urine, etc., into the ground owing to 
imperfect or defective flooring. Cowsheds and stables 
should, therefore, be properly constructed {see Eig. 32). 
The discharges should be received in covered vessels and 
the sheds should be washed and cleaned daily. 

Pig sties also create a serious nuisance from the smell of 
the sour and decomposed food and rice on which pigs are 
usually fed. The food should be stored in impervious 
vessels with proper covers. The sties are, as a rule, kept 
in a very filthy condition. 

The keeping of poultry is also a source* of nuisance and 
should be discouraged in small houses and cellars. 

2. Slaughtering of Animals.— Slaughter-houses may be 
either private or piMic. Private slaughter-houses, as con- 
ducted in this country, should be discouraged, as they not 
only facilitate the slaughtering of diseased animals, but are 
generally a source of very serious nuisance, especially when 
not managed under proper supervision. Nuisance arises 
from the dirty way in which the animals are usually kept. 
The storage of decomposed carcases and garbage also adds 
to filthiness. 

Slaughter-houses. —Filthy slaughter-houses are ahvays a 
menace to public health owing to the large collection of 
offal undergoing putrefaction, and the continual flow of 
blood, urine and fmcal matter. It is essential for proper 
sanitary control that all slaughtering should be done in a 
public slaughter-house or ‘‘abattoir’’. These should be built 
with brick and concrete and well protected against rats. 
In the construction of a slaughter-house the following 
points should be noted : — 

(a) It should not be within a hundred feet of any dwel- 
ing-house, and should be open to the outside air at least on 
two sides for proper ventilation. 

(h) It should always be above the ground level. 

(c) There should be no room or loft over the slaughter- 
house. 

(d) There should be an abundant supply of water, and 
the cistern for storing water should be placed a few feet 
above the floor. 
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(c) The floor should be made of some imi)ermeable mate- 
rial with a proper slope and a channel leading to a gully, 
provided with a trap to prevent emanation of offensive gases 
from entering the slaughter-house. 

(/*) The walls in the interior should be covered w ith hard, 
smooth and impervious material preferably by glazed bricks 
or tiles to a sutiicient height from the floor. The corners 
should be rounded off, and the slightest cracks on the floor 
repaired without delay. 

{(j) There should be no direct communication between a 
water-closet or privy and the slaughter-house. 

(h) Doors and windows should be self-closing and have 
wire-netting to prevent flies and other insects from entering. 

(i) Dogs and rats should not be allowed around the 
slaughter-house on account of the danger of trichinosis and 
echinococcus disease. 

(y) The employees must be cleanly and wear clean outer 
clothes. 

(AO Persons suffering from any communicable disease, 
like tuberculosis, should not be allowed to handle any meat 
or meat products. 

(/) Butchers who handle diseased carcases should wash 
their hands in some disinfectant solution, and all instru- 
ments used must be sterilised. 

(m) All refuse, blood, manure and garbage are to be 
placed in vessels of non-absorbent material with close-fitting 
covers immediately after slaughtering to prevent vultures 
and other birds from scattering them about. Skins, fat, etc., 
should be removed from the slaughter-house as soon as 
possible. 

3. Blood-boiling or Blood-drying.— Blood collected 
from slaughter-houses is utilised for (a) making blood 
albumin, {h) manufacturing turkey red pigment, (c) preparing 
blood manure, and (d) refining sugar. Blood is boiled usually 
with an admixture of common sulphuric acid and then dried. 
During this process the smell given oft* is very sickening. 

Sanitary Precautions . — The floor, vessels, etc., should be 
kei)t scrupulously clean, and blood, when not in use, should 
be properly stored to prevent the escape of offensive gases. 
There should be proper arrangements for washing and 
drainage and for the condensation of escaping gases, which 
are usually oft*ensive. 

4. Bone-boiling. — This is rather common in this country 
owing to the increased demand for phosphatic manures in 
tea gardens. The accumulation of bones in a raw state soon 
becomes offensive especially during the summer and rains. 
The storage of raw bones should not be permitted in or near 
dwellings, as the odour given off* is very disagreeable. Bone- 
boiling, when the bones are perfectly fresh, is no more offen- 
sive than cooking on a large scale. But if the bones are 
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tainted and decomposed they give rise to a very serious 
nuisance. Putrid bones, hoops and horns, if left in the open, 
become extremely offensive, breed dies and cause sickness. 

Sanitary Precmitions.—T\\e> premises should be cleansed 
daily and all refuse collected and removed. All receptacles 
should be kept clean, and materials not for immediate use 
should be stored in such a way as will prevent effluvia. 
Keep the walls and doors in good order and lime-wash twice 
a year. The storing of bones should he in suitable sheds 
and the use of steam-jacketed cylinders for condensing 
vapours enforced. 

5. Gut-scraping.— This is generally done for the purpose 
of making sausage skin, catgut, etc. The small intestines 
of swine and sheep are drst w^ashed and cleaned and soften- 
ed by soaking in salt solution for a few days, and then 
scraped on a bench with a piece of wooden scraper until 
only a little of the muscular coat and the j)eritoneal cover- 
ing is leffc. These are dnally washed and dried. 

Nuisance is prevented by (a) making the lloors and walls 
of non-absorbent materials; (h) proper drainage arrange- 
ments; (c) providing marble-topped tables; (d) prompt 
removal of waste materials ; (e) careful wasliing and cleaning 
of the premises ; and (/j i)reventing improper and ])rolonged 
storage. . . ^ 

6. Fat and Tallow Melting (Soap-boiling).— Eat is 
usually obtained from butchers or marine store dealers in a 
more or less decomposed condition. It is utilised in the 
manufacture of candles, soaps, leather-dressings, and pre- 
parations for lubricating machinery. In the manufacture of 
«oap, fat is boiled with an alkali generally called the ‘lye.’ 
Tallow was formerly melted by boiling in pans heated by 
direct fire, and unless the contents were constantly stirred, 
the fat was likely to get charred giving olf offensive odour. 
But now the tallow is boiled in pans which are steam jacket- 
ed and the vapours are caused to pass under a furnace, 
and thus the nuisance has been minimised, though an un- 
pleasant smell is given off. 

Nuisance may arise from (a) improper conveyance or 
storage of material ; (/>) storage of residue; (c) general lilthi- 
ness and unsuitability of the premises ; and (d) vapours 
escaping during the process of melting or boiling the fat. 

7. Fellmongering.— A fellmonger prepares either fresh 
or old skins for the leather dresser. The fresh skins are Jirst 
beaten to get rid of the dirt, and then soaked in water in 
large tanks (pokes). The hair is removed by painting the 
inner side of the skins with a solution of slaked lime and 
sodium sulphide, which act as depilatories ; and within 12 to 
24 hours the hair is easily removed without causing much 
nuisance. Formerly the process involved some putrefaction 
which gave rise to considerable nuisance. This process has 
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now been abandoned. Any nuisance that may arise is due 
to want of general cleanliness. 

The process of tanning is very offensive and consists in 
soaking the hides in progressively stronger solutions of nut 
galls, reinforced by solutions containing tannin. In some 
process ^puor’ or dog’s dung, or pigeon’s dung is used to 
render the skin supple. By the process of ‘^tanning” the 
putrescible hides are converted into non-putrescible and 
more or less flexible material commonly known as “leather.” 
Tanneries, when conducted on European models are not, as 
a rule, productive of much nuisance. Still on account of the 
offensive odours they give off they should be located on the 
outskirts of towns. Small tanneries are usually productive 
of great nuisance, which is heightened by the wash water 
(largely impregnated with decomposing animal matter) being 
allowed to run into open surface drains or into waste lands. 

Nuisance arises from (a) filthiness or unsuitability of buil- 
ding ; (h) improper conveyance or storage of skins ; and (c) 
unsatisfactory method of disposal of the dirt, flesh, and waste 
water. All offensive materials should, therefore, be conveyed 
in non-absorbent covered receptacles and kept in special 
closed rooms ventilated by means of air-shafts. General 
])recautions are the same as those indicated for other trades. 

8. Paper-making. — Paper is prepared from siich subs- 
tances as cotton or linen rags, waste paper, straw, bamboo, 
esparto grass, etc. The rags are dusted and then cut into 
small pieces, washed and bleached. Esparto grass is reduced 
to a pulp by first boiling with caustic alkali. Nuisance is 
caused chiefly by the alkali waste which should not be 
allowed to run into- any stream or ditch near habitations. 
The collection and storage of the materials is also a source 
of danger to the public health. The vapours given off during 
the process of boiling esparto grass with caustic alkali are 
also offensive and should be conducted by a flue to a tall 
chimney. Modern method of making paper pulp by treating 
bamboo pulp with SO 2 may give rise to a serious nuisance. 

9. Dusty Trades.— Certain industries give rise to a 
considerable amount of dust which has been associated with 
the production of various forms of ill-health. Constant in- 
halation causes irritation of the nasal passages and produces 
a condition of the lungs known as pneumonoconiosis which 
may bo of different forms according to the nature of dust 
inhaled, vis, anthracosis from coal dust, silicosis from stone 
dust, ashesfosis from asbestos, siderosis from iron dust, and 
hjjssinosis from cotton dust. Apart from its effects on the 
respiratory tract, dust of different industries also causes 
certain diseases of the throat, eyes and skin. Various micro- 
organisms are conveyed through dust, e.g, tubercle and 
anthrax. Lehmann has shown that only about 25 p.c. of 
the dust inhaled through the nose and mouth reaches the 
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lung, the rest being swallowed, and if the dust contains any 
poisonous substance like lead, absorption will take place 
through the alimentary canal. 

Industrial dust may be of mineral, vegetable or animal 
origin. The various dusty trades hnd occupations are jute, 
flax and textile industries ; lead, copper, iron, cement and 
lime works; handling of leather, silk, wool, cotton, paper, 
etc.; drilling and cutting of stones, bones and horn; flour 


mills, etc. 

Workers in jute, cotton and flour industries suffer from 
breathlessness, and develop symptoms of asthma with 
loss of chest expansion and immobility of the diaphragm. 
The most dusty processes are carding and spinning. Wool- 
sorters occasionally suffer from anthrax. Mill-stone cutters, 
stone masons, pearl cutters, sand-paper makers, knife grin- 
ders, millers, hair dressers, fur dyers are prone to suffer from 
diseases of the lungs. Constant inhalation of very flne 
particles of silica dust is the most dangerous of all owing to 
the great liability of the injured J""’- Min!* iiitVriid with 


tubercle bacillus. Cigar v 
makers inhale the dust of 
tobacco leaves and may 
suffer from tobacco poison- 
ing. Coal miners suffer 
from anthracosisy and work- 
ers in gold mines who in- 
hale rock dust suffer from 
silicosis. There is deftnite 
evidence that flbrosis of 
the lung caused by the 
inhalation of silica dust is 
particularly favourable to 
the tubercle bacillus, and 
that the course of tuber- 
culosis in these cases is 
rapid. It is, therefore, obvi- 
ous that the inhalation of 
this dust must influence 
the incidence of tuberculo- 
sis amongst the general 
population by increasing 
fresh sources of infection. 
The control of silicosis in- 
cludes medical measures 
for its detection, and engi- 
neering measures directed 
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against dust hazard. In South Africa both dry and wet 
methods of prevention are in use. Thus blasting only takes 
place at the end of the day’s shift, and all iinnecessjn y (expo- 
sure to dust is carefully controlled ; only machine drills which 
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have an axial water feed may be used; and water is used for 
laying dust and removing it from the air. Although the 
visible dust has been controlled, the hazard has not been 
entirely removed, since it depends so much on the minute 
particles which lioat in the air almost like gas.* Com- 
mercial asbestos consists of silicates, the silica being com- 
bined chiefly with magnesium or iron, and in smaller amounts 
with sodium, calcium and aluminium. Constant inhalation 
of asbestos dust gives rise to ashestosis Avhich leads to 
librosis of the lungs and the i)resence of asbestos body in 
the sputum. The effect of the tubercle bacillus on a lung 
affected with asbestosis is not at present so well established. 
Pulmonary asbestosis is insidious in its onset, irregular in 
its course and variable in its mode of termination. The 
fatal issue is determined by the onset of some acute infec- 
tion with Avhich the remaining undamaged lung tissue is 
unable to cope. Prass founders inhale oxide of zinc and 
suffer from diarrheea, cramps, etc. Match makers inhale the 
fumes of phosphorus and suffer from necrosis of the jaw. 
Those engaged in the preparation of glass mirrors often 
suffer from mercurial poisoning, while workers in lead and 
plumbers are exposed to lead poisoning. 

Preventive Measures: — 1. Prevent ion of Dust Formation . — 
This includes all measures which prevent formation of dust. 
The amount of dust inay be lessened by the use of oil, water 
or steam. The use of water (automatic water spraying) 
has given good results in rock drilling or stone crushing. 
The “wef method is specially useful in pottery and lead 
industries. In some cases as in grinding of metals, effective 
dust suspension is only attained by the complete immersion 
of the metal in Avater. 

2. Prevention of Escape of Dust. — When it is not possible 
to prevent the formation of dust, the nuisance created by the 
escape of dust can be prevented by theuse of special cabinet 
or boxes for the machinery. 

3. Eemoval of Du.st. — When any of the above methods 
cannot be applied, or is not practicable, measures should be 
taken to remove dust by special means, e.(j. by suction fans, 
or by special ventilating arrangements {see Fig. 28). This 
is usually applied at or as near as j)OvSsible to the point of 
origin of the dust, and so arranged A\dth reference to the 
air inlets and general ventilation of the room as to prevent 
the dust from entering the atmosphere of the Avork-])lace. 
When the dust is produced over a large surface, it is neces- 
sary to enclose the machine as completely as possible and 
to ay^ply an exhaust draught to the inside of the housing, 
sufficient to maintain a slight negative pressure and prevent 

^British Medical Journal, April, 16, 1962* 
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escape of dust from apertures.* The Labour Commission 
recommended that owners of existing? tea factories should be 
required to install eilicient dust extracting machinery, and 
new factories should not be allowed to build Avithout it. 

10. Oil Mills. — In Calcutta and other places there exist 
a large number of mills for expressing oils. Mustard, co- 
coaniit, ground nut, til and linseed are largely used. In the 
primitive form wooden presses {(jhanis) are used and are 
Avorked by bullocks. The room is usually dark and ill-venti- 
lated, and the floor without any proper i)avement so that it 
becomes foul Avith the solid and liquid excreta of the animals. 
It is desirable that these mills should be Avorked by mechani- 
cal poAver to minimise the nuisance. If it is not possible, 
special arrangements should be made for stabling the animals 
outside the main building. The lloor should be properly 
paved and made impervdous to prevent soakage, and provision 
made for efficient drainage. The room should have ample 
openings for ventilation. The smell evolved from these mills 
causes great discomfort to the people of the locality ; there- 
fore, they should be located away from crowded quarters. 
The oil and the crushed seeds should be kept in well-covered 
receptacles. 

11. Rice Mills. — In the preparation of rice the paddy 
is first put into metal jars or cylinders Avhere it is steamed 
for 10 to 15 minutes, it is then removed and soaked in large 
cemented tanks or vats tilled Avith water for 24 to hours. 
After another process of steaming it is dried in the sun and 
then husked by machinery. After the paddy has been soak- 
ed the water becomes dark reddish-brown Avhich undergoing 
putrefaction gives off offensive smell and creates a nuisance. 
It should not be allowed to run into any tank, open drain 
or stream without being first treated with chlorinated lime. 
Nuisance also arises during the process of winnowing from 
the accumulation of large quantities of husk and dust; these 
should be removed as quickly as possible. Eurther nuisance 
is caused Avhen the machines are run by oil or steam engines. 
The Labour Commission made the folloAving recommen- 
dations : In neAv rice mills steps should be taken to compel 
the installation of necessary protective machinery against 
the dissemination of dust, and freer use should be made of 
the poAver of insi)ection to demand its installation in existing 
mills. Where women are employed in any process cr(*ating 
an impure atmosphere the owner should be required to 
set up some temporary shelter in the compound for their 
infants. 

12. Smoke Nuisance, see page 77. 


*Memo of Home Office, Fef), 1935. Silicosis and Ashestosis. 
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INDIAN FACTORIES ACT, 1934 
1‘reliminauy 

2. In this Act, unless there is anything repugnant in the subject 
or context, - 

(а) “adolescent’^ means a person who has completed his lifteenth 
but has not completed his seventeenth year ; 

(б) “adult” means a person who has completed his seventeenth 
year ; 

(c) “child” means a person who has not completed his lifteenth 
year ; 

(d) “day’’ means a ])eriod of twenty-four hours beginning at 
midnight ; 

(c) “week’’ means a period of seven days beginning at midnight 
on Saturday night ; 

i(f) “manufacturing process” means any process 

(/) for making, altering, repairing, ornamenting, finishing or 
packing, or otherwise treating any article or substance with a view 
to its use, sale, transport, delivery or disposal, or 

(ii) for pumping oil, water or sewage, or 

(Hi) for generating, transforming or transmitting power; 

(/?.) “worker” means a person employed, whether for wages or noL 
in any manufacturing process, or in cleaning any part of the machi- 
nery or premises use(l for a inaniifacturing process, or in any other 
kind of work wiiatsoever incidental to or connected with tlie manu- 
facturing process or connected with the subject of the maniifjicturing 
process, but does not include any person solely employed in a 
clerical capacity in any room or place where no manufacturing 
process is being carried on ; 

ij) “ factory” means any premises including the ])recincts thereof 
whereon twenty or more workers are working, or were Avorking on 
any day of the preceding twelve months, and in any part of Avhich 
a manufacturing process is being carried on Avith the aid of power 
or is ordinarily so carried on. 

5. (/) Notwithstanding anything contained in danse (jj of section 
2, the Provincial Government may, by notitication in the Otiicinl 
Gazette, declare any place wherein a iminufacturing process is carried 
on, whether with or without the aid of power, and wherein on 
any one day of the twelve months j)receding the notification, ten 
or more workers w(U’e employed, to be a factory for all or any of 
the purposes of this Act. 

The Insuecting Staff 

TO. (/) The Provincial (Government may, by notilication in the 
Official Gazette, appoint such persons as it thinks fit to be Inspectors 
for tile purposes of this Act within such local limits as it may assign 
to them respectively. 

(2) ’Phe Provincial Government may, by notification as aforesaid, 
appoint any person to be a (Oiief Inspector, who shall, in addition to 
fhe ])owers conferred on a (diief Inspector under this Act, exercise 
the powers of an Inspector throughout the province. 

(2) No person shall be appointed to be an Inspector under sub- 
section (1) or a Chief Inspector under sub-section (2) or, having been 
so appointed, shall continue to hold office, Avho is or becomes directly 
or indirectly interested in a factory or in any process or business 
carried on therein or in any patent or machinery connected therewith. 

(4) Fjvery District Magistrate shall be an Inspector for his district. 

(5) The Provincial Government may also, by notification as afore- 
said appoint such public officers as it thinks fit fo be additional In- 
spector for all or any of the jiurposes of this Act, within such local 
limits as it may assign to them respectively. 
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(6’) In any area Avhere there are more Inspectors than one, the 
Provincial (Toverninent may, by notincation as aforesaid, declare the 
powers which such Inspectors shall respectively exercise, and the 
Inspector to whom the prescribed notices are to be sent. 

(7) Every Chief Inspector and Inspector shall be deemed to be a 
public servant within the meaning of the Indian Penal Code and 
shall be olticially subordinate to such authority as the Provincial 
(Government may specify in this behalf. 

11. Subject to any rules made by the I’rovincial Covernment in 
this behalf, an Inspector may, within the local limits for which he 
is appointed — 

(o) enter, with such assistants (if any), bein^ persons in the 
service of the thrown or of any municipal or other public authority, 
as he thinks fit, any place which is, or which he has reason to believe 
to be, used as a factory or capable of being declared to be a factory 
under the provisions of section o ; 

(6) make such examination of the premises and plant and of any 
prescribed registers, and take on the spot or otherwise sucli evidence 
of any persons as he may deem necessary for carrying out the i)ur- 
poses of this Act : and 

(c) exercise such other powers as may he necessary for carrying 
out the purposes of this Act; 

Provided that no one shall be required under this section to answer 
any question or give any evidence tending to criminate himself. 

12. (/) The Provincial (Government may a])point such registered 
medical practitioners as it thinks fit to be certifyiim surgeons for tlie 
purposes of this Act within such local limits as^it may assign to 
them respectively. 

(2) A certifying surgeon may authorise any registered medical 
practitioner to exercise any of his powers under this Act: 

Provided that a certificate of fitness for employment granted by 
such authorised practitioner, shall be valid for a period of three 
months only, unless it is confirmed by the certifying surgeon himself 
after examination of the pm*son concerned. 

Health and Safety 

13. Every factory shall be kept clean and free from eftluvia 
arising from any drain, privy or otlnu’ nuisance, and shall be cleansed 
at such times and by such methods as may be ])rescribed, and these 
methods may includii lime-washing or colour-washing, painting, 
varnishing, disinfecting and deodorising. 

14-. (1) Every factory shall be ventilated in accordance with such 
standards and by such methods as may be prescribed. 

( 2 ) where gas, dust or other impurity is generated in the course of 
work, adecpiate measures shall lie taken to xirevent injury to the 
health of workers. 

( 2 ) If it appears to the Inspector that in any factory gas, dust 
or other impurity generated in the course of work is being inhaled 
by the workers to an injurious extent, and that such generation or 
inhalation could be prevented by tlie use of mechanical or other 
devices, he may serve on the manager of the factory an ord(*r in 
writing, directing that mechanical or other devices for })reventing 
such generation or inhalation shall be provided before a specifie(l 
date, and shall thereafter be maintained in good order and used 
throughout working hours. 

(4) The Provincial (Government may make rules for any class of 
factories requiring mechanical or other devices to be provided and 
maintained for preventing the generation or inhalation of gas, dust 
or other impurities, which may be injurious to workers and specify- 
ing the nature of such devices. 

15. ( 1 ) The Provincial (Government may make rules — 
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(a) prescribin<v standards for the cooling properties of the air in 
factories in which the humidity of the air is artificially increased : 

(&) regulating the metliods used for artiticially increasing tlie 
hiiinidity of the air ; and 

(c) directing prescrii)ed tests for determining the humidity and 
cooling properties of the air to be carried out and recorded. 

( 2 ) In any factory in which the humidity of the air is artificially 
increased, the water used for tlie purpose shall be taken from a public 
supply or other source of drinking water, or shall be effectively 
purified before it is so used. 

(.5) If it appears to the fnspector that the Avater used in a factory 
for increasing humidity which is required to be effectively i)urified 
under sub-section (2) is not effectively purified, he may serve on the 
manager of the factory an order in writing, specifying the measures 
which in his opinion should be adopted, and requiring them to be 
carried out before a specified date. 

Ifi. If it appears to the (diief Inspector or to an Inspector specially 
authorised in this behalf by the lh*ovincial (lovernment that the cooling 
properties of the air in any factory are at times insufficient to secure 
workers against injury to health or against serious discomfort, and 
that they can be to a great extent increased by measures Avhich 
will not involve an amount of expense which is unreasonable in the 
circumstances, the Chief Inspector may sei ve on the manager of the 
factory an order in writing, spe<dfying the measures which in his 
opinion should be adopted, and re(piiring them to be carried out 
before as|)ecified date. 

17. In Older that no room in a factory shall be croAvded during 
working hours to a dangerous extemt or to an extent Avhich may l)e 
injurious to the health of the Avorkers, the propoition which the 
number of cubic feet of space in a room and the number of superficial 
feet of its lloor area bears to the number of workers working at any 
time therein shall not be less than sucli standards as may be pres- 
cribed either generally or for the particular class of work carried on 
in the room. 

18. (/) A factory shall be sufficiently lighted during all working 
hours. 

(12) If it appears to the Inspector that any factory is not suffi- 
ciently lighted, he may serve on the manager of the factory an order 
in writing specifying the measures Avhich in his opinion should be 
adopted, and requiring tlieni to be carried out before a specified date. 

{H) dfiie Provincial (fovernment may make rules requiring that all 
factories of s[)ecified classes shall l>e lighted in accordance Avith 
pr(\scribed standards. 

19. (/) In every factory a sufficient supply of water tit for drink- 
ing shall be provided for the workers at suitable places. 

(2) 'The supply requiied by sub-section (/) shall comply Avith such 
standards as may bt‘ prescribed. 

(3) In (nery factory in Avhich any process involving contact by 
the AVorkers with injurious or obnoxious substances is carried on, a 
sufficient supply of water suitable for washing shall be provided for 
the use of Avorkers, at suitable places and Avith facilities for its use, 
according to such standard as may be prescribed. 

20. For every factory sufficient latrines and urinals, according 
to th(^ prescribed standarcls, shall be provided, for male Avorkers, and 
for female workers separately, of suitable patterns and at convenient 
places as prescrilied, and shall be kept in a clean and sanitary condi- 
tion during all Avorking hours. 

21. In every factory the doors of each room in Avhich more than 
twenty persons are (miployed shall, except in the case of sliding 
doors, be constructed so as to open outwards, or, aa here the door is 
between two rooms, in the direction of the nearest exit from the 
building, and no such door shall he locked or obstructed Avhile any 
AAmrk is being carried on in the room. 
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22. [n every factory such precautions against fire shall he taken 
as may be prescril)eti. 

23. {]) Every factory shall be provided with such means of escape 
in case of fire as can reasonably be required in the circumstances 
of each factory. 

(2) If it appears to the Inspector that any factory is not so pro- 
vided, he may serve on the manager of the factory an order in 
writing, specifying the measures which in liis opinion should be 
adopted, and requiring them to be carried out before a specitied date. 

(2) The means of escape shall not be obstructed while any work 
is being carried on in the factory. 

24. (1) In every factory the following shall be kept adequately 
fenced, namely : - 

(а) every exposed moving part of a prime mover and every fly- 
wheel directly connected to a prime mover, 

(б) every hoist or lift, hoist-well or lift- well, and every trap-door 
or similar opening near which any person may have to Avork or 
pass, and 

(c) every part of the machinery which the Provincial (Government 
may prescribe. 

(2) If it appears to the Inspector that any other part of the machi- 
nery in a factory is dangerous if not adequately fenced, he may serve 
on the manager of the factory an order in writing, specifying the 
measures which in his opinion should be adopted, and reipiiring them 
to be carried out before a specitied date. 

(3) All fencing required by or under this section or under sul)- 
section (1) of section 2() shall be maintained in an Wlicient state at all 
times when the workers have access to the parts required to be fenciMl 
except where they are under repair or are under examination in 
connection with repair or are necessarily exposed for the purpose of 
cleaning or lubricating or altering the gearing or arrangements of 
the macliinery. 

(4) Such further provisions as may be prescribed shall be inade 
for tlie protection from danger of persons employed in attending to 
the machinery in a factory, 

25. If it appears to the Inspector that any building or part of a 
building, or any part of the ways, machinery or plant in a factory is 
in such a condition that it may be dangerous to human life or safety, 
he may serve on the manager of the factory an ordm* in writing 
requiring him before a specified date 

(а) to furnish such (IraAvings, specifications and other particulars 
as may he necessary to determine Avhether such building, ways, 
machinery or plant can be used with safety, or 

(б) to carry out such tests as may be necessary to determine the 
strength or quality of any specitied parts and to inform the Inspector 
of the results thereof. 

2(>. (J) If it appears to the Inspector that any building or part of 

a building, or any part of the ways, machinery or plant in a factory 
is in such a condition that it is dangerous to human life or safety, he 
may servo on the manager of the factory an order in writing specify- 
ing the measures Avhich in his opinion should be adopted, and 
requiring them to be carried out before a specitied date, 

(2) If it appears to the Inspector that the use of any building or 
part of a building or of any part of the ways, machinery or plant in 
a factory involves imminent danger to human life or safety, he may 
serve on the manager of the factory an order in writing prohibiting 
its use until it has been properly repaired or altered. 

27. (/) No woman or child shall be allowed to clean or oil any 
part of the machinery of a factory while that part is in motion under 
power, or to xvork between moving parts or between fixed and 
moving parts of any machinery which is in motion under power. 

(2) The Provincial Government may, by notification in the Official 
Gazette, prohibit, in any specified factory or class of factories, the 
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cleaning or oiling by any person of specified parts of niucliiiiery 
when tliese parts are in motion under power. 

28. (/) The Provincial (iovernment may make rules proliibitingthe 
admission to any spechtied class of factories, or to specitied parts 
thereof, of children who cannot be lawfully employed therein. 

(2) If it appears to the inspector that the presence in any factory 
or part of a factory of children who cannot be lawfully employed 
therein may be dangerous to them or injurious to thcnr health, he 
may serve on the manager of the factory an order in writing direct- 
ing him to prevent the aduiission of sucli children to the factory or 
any part of it. 

29. No woman or child shall be einjiloyed in any part of a factory 
for pressing cotton in wliich a cotton-opener is at work : 

Provided that, if the feed-end of a cotton-opener is in a room 
separated from the delivery end by a partition extending to the roof, 
or to such height as the Inspector may in any particular case specify 
in writing, women and children may be employed on the side of the 
partition where the feed-end is situated. 

80. Where in any factory an accident occurs which causes death, 
or which causes any bodily injury whereby any person injured is 
prevented from resuming his work in the factory during the forty- 
eight hours after the accident occurred, or which is of any nature 
whicli may be [uescaibed in this behalf, the manager ot the factory 
shall send notice thereof to such authorities, and in such form and 
witliin such time, as may be prescribed. 

88. (/) 'riie Ihovinoial (Jovernmeiit may make rules reipiii ing that 
in any spiMulied factory, wherein more than one liundred and litty 
workers are ordinarily employed, an ade<iuate slielter shall be pro- 
vided tor use of workers during periods of rest, and sucli rules may 
prescribe the standards of such slielters. 

(2) The l^rovincial (Jovernment may also make rules— 

(a) recpiiring that in any specilied factory, wherein more than 
fifty women work(‘rs are orilinarily employed, a suitable room shall 
be reserved for tln^ use of children under the age of six years belong- 
ing to sucli women, and 

(4) Where tlie Provincial (iovernment is satisfied that any 
operation in a factory exposes any person employed upon it to a 
serious risk of bodily injury, poisoning or disease, he may make rules 
applicable to any factory or class of factories in which tlie o])eration 
is carried on — 

(а) siiecifying the operation and declaring it to lie hazardous ; 

(б) ])rohibiting oi* restricting the employment of women, adoles- 
cents or children upon the oyieration ; 

(c) providing for the medical examination of iiersons employed 
or seeking to be employed upon the operation and prohibiting the 
employment of persons not certitied as lit for such employment; and 

(d) providing for the protection of all persons employed upon the 
operation or in the vicinity of the places where it is carried on. 

Kkstrk'tions on Working Hours of A dolts 

84. No adult worker shall be allowed to work in a factory for 
more than fifty-four hours in any week, or, wliere the factory is a 
seasonal one, for more than sixty hours in any week : 

Provided that an adult worker in anon-seasonal factory engaged 
in work which for technical reasons must be continuous throughout 
the day may work for lifty-six hours in any week. 

35. (1) No adult worker shall be allowed to work in a factory on 

a Sunday unless — 

(a) iie has had or will have a holiday for a wliole day on one ot 
the three days immediately before or after that Sunday, and 

(b) the manager of tile factory has, liefore that Sunday oi- the 
substituted day, whichever is earlier, — 
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(i) delivered a notice to the oftice of the Inspector of his intention 
to require the worker to work on the Sunday and of the day which 
is to he substituted, and 

{ii) displayed a notice to that effect in the factory. 

Provided that no substitution shall be made which will result in 
any worker workino- for more than ten days consecutively without a 
holiday for a whole day. 

(3) Wliere, in accordance with tlie provision of sub-section (1), 
any worker works on a Sunday and has had a holiday on one of 
the three days immediately before it, that Sunday shall, for the 
purpose of calculating his weekly hours of work, be included in the 
preceding week. 

36. No adult worker shall be allowed to work in a factory for 
more than ten hours in any <lay. 

Provided that a male adult worker in a seasonal factory may work 
for eleven hours in any day. 

37. The periods of work of adult workers in a factory durinj^each 
day shall be fixed eitlier — 

(а) so that no i)eriod shall exceed six hours, and so that no worker 
shall work for more than six hours before he has had an interval for 
rest of at least one hcuir ; 

(h) so that no period shall exceed five hours and so that no worker 
shall work for more than five hours before he has had an interval for 
rest of at least half an hour, or for more than eight and a half hours 
before he has had at least two such intervals. 

38. The periods of work of an adult worker in a factory shall be 
so arranged that along with his intervals for re{?t under section 37, 
they shall not spread oyer more than thirteen hours in any day, save 
with the permission of the Provincial (Jovernment and subject to 
such conditions as it may impose, either generally or in tlie case of 
any particular factory. 

45. (1) 'Phe provisions of this (dvaptor shall, in tlieir application 
to women workers in factories, be supplemented by the following 
farther restrictions, namely ; — 

{a) no exemption from the provisions of section 36 may be granted 
in respect of any woman ; and 

(б) no woman shall bo allowed to work in a factory excejjt bet- 
ween 6 a.m. and 7 p.m. 

Provided that the Provincial (iovernment may, by notification in 
the Ofiicial (lazette, in respect of any class or classes of factories and 
for the Avhole year or any part of it, vary the limits laid down in 
clause (b) to any span of thirteen hours between 5 a.m. and 7 i».m. 

Provided further that, in respect of any seasonal factory or class 
of seasonal factories in a specified area, the Provincial (lovernment 
may make rules imposing a further restriction by defining the 
period or periods of the day Avithin which women may l)e allowed 
to work, such that the period or periods so defined shall lie Avithin 
the span fixed by clause (6) or under the above proviso and shall 
not bo less than ten hours in the aggregate. 

(2) The Provincial Government may make rules providing for the 
exemption from the above restrictions, to such extent and subject to 
such conditions as it may prescribe, of women working in fish-curing 
or fish-canning factories Avhere the employment of Avomen beyond 
the said hours is necessary to prevent damage to or deterioration 
in any raw material. 

(3) Rules made under sub-section (2) shall remain in force for 
not more than three years. 

46. Where a Avorker Avorks on a shift which extends over mid- 
night, the ensuing day for him shall be deemed to be the period of 
twenty-four hours beginning when such shift ends, and the hours he 
has worked after midnight shall be counted towards the previous 
day. 

Provided that the Provincial Government may, by order in writing 
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direct tliat in tlie case of any specified factory or any specified class 
of workers therein the ensain<? day sliall he deemed to he the period 
of twenty-four hours hejjiuning when sucli shift begins and that the 
hours worked before midnight shall he counted towards the ensuing 
day. 

48. No adult worker shall be allowed to work in any factory on 
any day on which he has already been working in any other factory, 
sav^e in such circumstances as may he prescribed. 

Special Provisioiss for AdolkscbjsTs and Children 

50. No child who has not completed his twelfth year shall he 
allowed to work in any factory. 

51. No child who has completed his twelfth year and no 
adolescent shall be allowed to work in any factory unless — 

(а) a certificate of (itness granted to him under section 52 is in 
the custody of the manager of the factory, and 

(d) he carries while he is at work a token giving a reference to 
such certificate. 

52. (1) A certifying surgeon shall, on the application of any young 
person who Avishes to work in a factory, or of the x>iiix*nt or guardian 
of such person, or of the manager of the factory in which such person 
wishes to work, examine such person and ascertain his fitness for 
such work. 

(2) The certifying surgeon, after examination, may grant to such 
person, in the prescribed formu- 
la) a certificate of fitness to Avork in a factory as a child, if he is 

satisfied that such person has completed his twelfth year, that he has 
attained the prescribed physical standards (if any), and that he is fit 
for such work ; or 

(б) a certificate of fitness to Avork in a factory as an adult, if he 
is satisfied that such person has completed his fifteenth year and is 
fit for a full day’s AVork in a factory. 

(3) A certifying surgeon may revoke any certificate granted under 
sub-section (2) if, in his opinion, the holder of it is no longer lit to 
Avork in the capacity stated therein in a factory. 

(4) Where a certifying surgeon or a jnactitioner authorised under 
sub-section (2) of section 12 refuses to grant a certificate' or a 
certificate of the kind requested, or roA’^okes a certificate, he shall, 
if so reiiuested by any person who could have axiplled for the 
certificate, state his reasons in Avriting for so doing. 

53. (1) An adolescent Avho has been granted a certificate of fitness 
to AVork in a factory as an adult, under clause (b) of sub-section (2) 
of section 52, and Avho, Avhile at AA ork in a factory, carries a token 
giving reference to the certificate shall be deemed to be an adult for 
all the jiurposcs. 

(2) An adolescent Avho has not been granted a certificate of fitness 
to Avork in a factory as an adult under sub-section (2) of section 52, 
shall, iiotAvithstanding his ago, be deemed to be a child for the 
Xiurposes of this act. 

54. (1) No child shall be alloAved to aa ork in a factory for more 
than five hours in any day. 

(2) 'fhe hours of AVork of a child shall be so arranged that they 
shall not spread over more than seven-and-a-half hours in Jiny day. 

(3) No child shall be allowetl^o Avork in a factory except betAveen 
fi A.M. and 7 r.M. : 

Pro Added that the Provincial Government may, by notification in 
the Official Gazette, in respect of any class or classes of factories 
and for the Avhole year or any part of it, vary these limits to any 
span of thirteen hours betAveeii 5 a.m. and 7-30 r.M. 

(4) The provisions of section 35 shall apply also to child Avorkers 
but no exenijition from the x^rovisions of that section may be granted 
in respect or any child. 
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(5) No child shall be allowed to work in any factory on any day 
-on which he has already been Avorking in another factory. 

55. (1) 'fhere shall be displayed and correctly maintained in every 
factory, in accordance with the provisions of sub-section (2) of 
section 76, a Notice of Periods for Work for Children, showing clearly 
the periods within wliich children may be required to Avork. 

(2) The periods shown in the Notice required by sub-section (1) 
shall be fixed l)eforehand in accordance Avitli the method laid doAvn 
for adults in section 39 and shall be such that children working for 
those periods \vould not be Avorking in contravention of section 54. 

(3) The provisions of section 40 shall apply also to the Notice of 
Periods for Work for (3iildren. 

(4) The Provincial (iovernment may make rules prescribing forms 
for the Notice of Periods for Work for Children and the manner in 
which it shall bo maintained. 

56. (1) The manager of ev^ery factory in Avhich children are 
employed shall maintain a Register of Child Workers shoAving— 

{a) the name of each child worker in the factory, 

(b) the nature of his Avork, 

(c) the group, if any, in Avhich he is included, 

(d) where his group Avorks on shifts, tlie relay to Avhicli he is 

allotted. ‘ 

(e) the number of his certificate of htness granted under section 
52, and 

(f) such other particulars as may be prescribed. 

(2) The Provincial (lOA^ernment may make rules prescribing the 
form of the Register of the Child Workers, the manner in Avhich it 
shall be maintained, and tlie period for Avhich it sliall he preserved. 

57. No child shall be alloAved to Avork otherAvise than in accord- 
ance Avith the Notice of Periods for Work for Children displayed 
under sub-section (i) of section 55 and the entries made beforehand 
against his name in tlie Register of (4iild Workers maintained 
under sul)-section (L of section 56. 

58. Where an Inspector is of opinion — 

{a) that any person Avorking in a factory Avithout a certificate of 
htness is a child or an adolescent, or 

(h) that a child or adolescent Avorking in a factory Avith a certi- 
ficate is no longer fit to Avork in the capacity stated therein, 

he may serve on the manager of the factory a notice requiring 
that such person, or that such child or adolescent, as the case may 
be, shall be examined by a certifying surgeon or by a practitioner 
authorised under sub-section (2) of section 12, and such person, child 
or adolescent shall not, if the Inspector so directs, be alloAved to 
Avork in any factory until he has been so examined und has been 
granted a certificate of htness or a fresh certificate of fitness, as tln^ 
case may b(‘. 

59. I'he Provincial (tovernnient may make rules - 

(а) prescril)ing the forms of certificates of fitness to be granted 
under section 52, providing for the grant of duplicates in the event 
of loss of the original certiftcates, and fixing the fees Avhich may be 
charged for such certificates ami such duplicates ; 

(б) prescribing the physical standards to be attained by children 
and adolescents ; 

(c) regulating the procedure of certifying surgeons under this 
Ohapter, and specifying other duties which they may be required to 
perform in connection Avith the employment of cluldren and adole- 
scents in factories ; and 

id) providing for any other matter Avhich may be expedient in 
order to give effect to the provisions of this Chapter. 
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Municipal Regulation of Factories, Trades, etc. 

885. (1) No person shall, without tlie previous written per- 
mission of tlie (Corporation, neAvly establish in any premises any 
factory, workshop, or workplace in Avliich it is intended to employ 
steam, Avater or other mechanical poAver. 

The (Corporation may refuse to give such permission, if they are 
of opinion that the establishment of such factory, workshop or Avork- 
place in the proposed position would be objectionable by reason of 
the density of the popnlation in the neighbourhood thereof, or Avould 
be a nuisance to the inhabitants of the neighbourhood. 

Trades not to he (Carried on Without a License 

Sec. 38(k— No person shall use or permit to be used any premises 
for any of the purposes herein below nderred to or mentioned, 
Avithout or otherwise than in conformity with the terms of a license 
granted by the (Corporation in this behiilf, for the folloAving purposes : 
{a) (Casting metals, manufacturing bricks, pottery or tiles; {h) as a 
knacker’s yard, liide godoAvn or hide screw-house; (c) manufactory 
or place of business from which offensive or unwholesome smells, 
fumes or dust arise ; {<!) as a depot for hay, straAV, Avood, coal, Avaste- 
paper or rags ; (e) packing, pressing, cleansing, preparing, or 
manufacturing clothes or threads in indigo or other colours, paper, 
jAottery, silk; {f) storing, packing, pressing, cleansing, or manufac- 
turing any of the following blood, bones, candles, catgut, chemical 
preparations, china grass, cocoanut tibre, cotton or cotton refuse or 
seed, dammer, dynamite, fat, tins, lish, fireworks, flax, flour, gas, gun- 
cotton, gnnpOAvder, horns, hoofs, hides, hemp, hair, iron, jute, leather, 
lime, manure, match(\s, meat, nitro-glycerin, offal, oil, oil-cloth, pitch, 
rags, rosin, salt-petre, skins, soap, spirits, sulphur, soorkie, tallow, 
lar, turpentine, wool. 

Sec. 889.— (1) No person engaged in any trade or manufacture 
specified abov<‘ shall (a) wilfully cause or suffer to iloAV or to be 
brought into any tank, reservoir, cistern, well, duct or other place 
for water belonging to the Corporation or into any drain or pipe 
communicating therewith, any washing or other substjince produced 
in the course of such trade or manufacture ; or (b) wilfully do any 
act connected Avith any such trade or manufacture Avhereby the Avater 
in any such tank, reservoir, cistern, Avell, duct or other place for 
Avater is fouled or corrupted. 
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CHAPTER IV 

SOIL 

SoiTi is formed from the disintegration of the under-lying 
rock mingled with decayed vegetable and animal matter. 

(a) Upper or surface soil is chiefly the outcome of decayed 
animal or vegetable matter forming mould or “humus.’’ The 
depth of this layer varies from a few inches to several feet. 

(h) Subsoil results from the disintegration of the under- 
lying primitive rock through the agencj^ of gases, water, etc. 
The depth of this layer also varies from a few feet to 
hundreds of feet. 

Soils are divided into 2 groups (1) Residual, and (2) Drift. 
Besidual soils are formed by the weathering of the subjacent 
rocks and are so-called because they remain in situ. Such 
soils may be formed from granite, gneiss, sandstone, lime- 
stone, in fact from any rock. 

Laterite may be a residual or drift sgil, but is usually 
the former. It exists over large parts of Central India, Chota 
Nagpur, Rajmahal and the Central Provinces, and parts 
of Assam and Western Bengal. A peculiarity of laterite 
soil is that kala-azar does not seem to llourish on it, though 
the reason for this may not be actually due to the soil. 

Black Cotton Soil or “Kegur” is a residual soil found in 
many parts of the cotton districts of the Deccan. It is a 
finely grained black soil composed of clay, carbonate of lime 
and magnesia, iron and a large amount of organic matter. It 
is formed from the weathering of the Deccan Trap in certain 
areas, being mixed with a largo amount of “luimus” or vege- 
table organic matter from old jungle growth. 

^Reli’ is an efflorescence found in the i)lains of the Punjab 
and United Provinces. It consists mainly of carbonate, 
sulphate and chloride of sodium with some calcium and 
magnesia salts. It is due to these soluble materials having 
been brought down by the Ilimalayan rivers and being de- 
posited in the soil by evaporation of the solvent water. It 
is bad for agriculture. 

The Alluvial Soils or Drift Soils are formed when the 
materials carried away by water are deposited elsewhere. 
They are found far inland in the valleys along which river 
flows, or in the deltas at the mouth of large rivers. 

A knowledge of elementary geology, if not essential to 
the students of hygiene, is at least interesting and gives a 
point to many facts which might otherwise be obscure. 
Modern geology considers the earth’s core to consist of a 
solid mass of iron and metal called for convenience the N, I, 
F, Fj. External to this is a zone of basaltic magma in which 
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float the coutinental masses of Asia, Europe, America, Africa 
and Australia. This basaltic zone is solid at the surface and 
forms the beds of the intercontinental oceans which stretch 
between the continents. The whole earth was once a molten 
mass and as it cooled, those minerals with a high melting 
point crystallised out slowly and formed the elementary 
continents. The chief of such minerals is granite which is 
comx)Osed of perfect crystals ot felspar, mica and quartz. 
Felspar is of a pink colour and is i)resent in granite as large 
X)ink crystals. Mica is usually brown or yellow but may be 
of various colours and exists as shiny flat hexagonal crystals, 
which sometimes may form large sheets. Quartz consists of 
ftne clear crystals and fills up the space between the felsi)ar 
and the mica, (tranite still exists in many j^laces of the 
earth in its unaltered state. In India it is found in a few 
places in the Ilimalayas and in Central India. Those con- 
tinental masses floated in the remaining basaltic magma 
which had a lower melting i)oint — wliich later became solidi- 
fied at its surface on which water condensed and formed the 
oceans. Condensation and rain began and resulted in the 
‘‘weathering,” which is the term given to the process of 
disintegration of rocks by the action of water and dissolved 
substances in it, frost, wind and heat. The first granite 
masses were probably of soft texture and were easily broken 
up into their three primary constituents, felspar, mica and 
quartz. These got washed down into the surrounding 
shallow oceans and formed beds consisting of layers of the 
three constituents. A feature of the geological history of 
any country is the alternate risings and fallings of its land ; 
for lengths of time it is under water ; at other periods it is 
above water and makes land. The reasons for these alter- 
nate risings and fallings need not be discussed — one main 
reason is alterations in density of the basaltic magma in 
which tlie land masses float. One main effect is to raise 
marine sediments above sea level. These risings and fall- 
ings produce great stresses and strains and thrusts in the 
raised sediments. These are folded and corrugated and 
become mountain ranges. The stresses may be so severe 
that x)art of the folded land get pushed over other parts 
producing “faults” and fissures. These fissures may be so 
deep as to communicate with the liquid basaltic magma 
underneath, which may then pour out and cover the land 
surface in the vicinity. This hapi^ened in India several 
times and the “Deccan trap rock” which covers a consider- 
able portion of Central India and Bombay Presidency 
consists of solidified basalt outi)oured through fissures in 
the past. 

The crystalline rocks formed from granite in this way 
are called “gneiss” and consist of layers of quartz and 
felspar and mica — they occur in large quantities in India. 
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There is a more complicated “weathering’’ of granite and 
gneiss, however, which is going on continually now and 
which is of considerable importance in producing soils. It 
is carried mainly by water containing dissolved CO2. Ordi- 
nary felspar is a compound of silicates of potassium and 
aluminium. When acted on by water and carbonic acid, 
felspar breaks up into potassium carbonate, silica and 
hydrated aluminium silicate. This latter is “clay.” The 
felspar crystals dissolve and disintegrate leading to the 
breaking up of the granite and gneiss. The mica and quartz 
remain chemically intact but get separated into individual 
crystals. The weathering of granite and gneiss, therefore, 
results in the breaking up of the rocks — pieces of rocks get 
broken off and small particles of quartz and mica and clay. 
A hill stream, therefore, could carry down boulders, stones, 
gravel, sand and clay. Hand consists of particles of quartz 
and mica, and usually some other mineral is present —the 
commonest of them is “hornblende,” a compound silicate of 
magnesium and iron ; this gives the small black specks in 
sand ; the small shiny particles are mica and the small Avhite 
particles are quartz. The soluble materials, such as i>otas- 
sium carbonate, are carried away in solution! 

The sand thus formed may be dei)osited on sea beds 
and later may be raised and form sandstone hills and moun- 
tains. 

Basalt is a mixture of silicates of iron and magnesium 
and other metals. It is projected from volcanoes as lava, 
but the great masses on the surface of earth have come 
through fissures. It is a dark coloured heavy rock with a 
little or no crystalline appearance, it having cooled rapidly 
from a molten state. The weathering of basalt in tropical 
countries produces red coloured rock called “Laterite” which 
is a mixture of hydrated oxides of iron and aluminium. It 
is the principal rock and soil over large parts of (hmtral 
India, Cliota Nagpur and the western districts of Bengal. 
The further weathering of laterite gives bauxite, a pure 
oxide of aluminium from which alum cake is made. As an 
example of organically formed rock, limestone may be taken. 
This consists of CaCOs. The shallow seas caused by the 
depression of land below sea level supported a great quan- 
tity of crustacean life whose shells fell to the bottom on the 
death of the animals — these shells were composed of CaCOa 
and formed great masses of deposits in the sea bed. l^ater 
when these beds were raised the deposits formed hills and 
mountains. Chalk is a smaller deposit of OaCOs. This 
CaCOs might be dissolved as bicarbonate by water contain- 
ing CO2, carried away and deposited again as crystalline 
CaCOs by evaporation of the water and COq— an example of 
a chemically formed rock— marble is such a rock. In addi- 
tion to the above, the following rocks should be known : — 
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Schists are simply, gneissic rocks where the layers have 
become differentiated as to become separable from each 
other. Mica schists are an example and are common in the 
Himalayas. 

Dolomite is a mixture of CaCOs and MgCOa. 

(i ifpsum is CaS 04 . 

Pfjrites are sulphides, iron is the commonest. 

Jfornblende, a normal silicate of lime, iron and magnesia. 

Talc is a silicate of magnesium. 

Kaolin ^ — a very pure clay. 

(rreen-sands ^ — sands containing a ferrous salt (glauconite). 

Zeolites ^ — natural silicates of sodium and aluminium. 

Physical Gkology of India 

The main features are simple. India consists of three 
parts. 

(1) The Peninsula proper. 

(2) The Indo-gangetic plain surrounding it on the north 
and separating it from 

(3) The Himalayas or extra peninsular part. 

The peninsula is of very ancient structure, that is, it has 
not been under sea level for many geological ages. Except 
for a strip of alluvial coast area, it is practically all com- 
posed of crystalline gneissic and schistic rocks. These 
represent the ‘‘roots’’ or bases of the old mountains which 
have been worn down to their present level. Over a large 
area comprising the Deccan, Central India, Central Pro- 
vinces, Gujrat, and Kathiwar, these old rocks are over-laid 
by the basalt of the Deccan trap, which flowed over these 
areas through earth fissures at various times. Scattered 
over the rest of the peninsula are some very old deposits 
of sandstones and clays. The peninsula is a solid mass of 
old rocks which have successfully withstood the lateral 
thrusts and stresses which have folded and raised the 
Himalayan area. This latter area is of comparatively 
recent growth and has been formed by the raising of an 
old sea bed wifch its deposits, the raising being accompanied 
by tremendous foldings and faultings. The main Himalayas 
are largely composed of gneissic rocks and schistic rocks 
while along the southern aspects are deposits of sandstone 
and other sedimentary rocks of tertiary or early recent age. 

The great indo-gangetic plain was a huge trough between 
the peninsula and the extra peninsular area, and has been 
gradually filled up by the sand, clay, and gravel brought 
down by the rivers from the weathering of the Himalayas 
and the peninsular rocks. It is, therefore, composed of sands, 
clay and gravel and is geologically uniform and monotonous. 

Deltaic formation .— there are local important differ- 
ences in public health aspects between deltaic and non- 
deltaic areas, a short description of delta formation is given. 
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Actual delta formation is going on at the mouth of the Ganges 
and the Bralimaputra and the Indus, but elsewhere in the 
Gangetic plain the process has ceased. Where a mountain 
river debouches on the plains, its velocity at once decreases 
and the large stones are deposited in the centre of its course, 
dividing the stream into two branches. In these, with the 
decreasing velocity, fresh deposits of smaller particles take 
place, each deposit produces new channels. Stones, gravels, 
sand and clay become deposited, but owing to its linely divid- 
ed nature, clay is the last to be deposited, its settlement only 
occurring in complete quiet. As the level of the country 
contiguous to the hills becomes raised, the material is carried 
onward to a lower area and so on ; the mouth of the delta 
constantly advancing seawards. Floods in the river lead to 
inundation of the land over the banks of the river with deposi- 
tion of sand and silt. The whole country, therefore, becomes 
formed of successive beds of gravels, sand and clay in various 
thickness and of irregular distribution according as the Hood 
levels changed from time to time. The phenomena in an active 
delta are interesting and important. In an active delta, the 
numerous branches of the river communicate with each other 
and are all tidal ; between the rivers are lovt^er areas which 
become inundated twice daily by the flow tide. The tide flows 
up through the main river channel, through smaller channels 
and khals and overllows on to the wide low-lying areas or 
‘^spill areas” as they are called. At slack water some silt is 
deposited on these and at ebb flow the pent-up water of the 
spill areas rushes out through the channels or khals and frees 
them of deposited silt. Gradually, however, the spill area 
becomes naturally constricted by deposit of silt and the 
channels become tidal creeks which silt up from above down- 
wards— and so the delta advances. A very similar set of 
phenomena happens in the early floods of water brought 
down by the rivers. The areas between rivers contain very 
low lying places communicating similarly by khals with the 
main stream. During a monsoon flood, the level of the water 
in the river rises and flood water flows through the openings 
into the khals, and thence to the low lying area or spill 
areas. The flood water carries rich silt which is deposited 
on the spill areas, the silt water itself is inimical to the 
growth of anopheles larvm and hence these floods are bene- 
ficent agents to agricultural prosperity and freedom from 
malaria. At the end of the monsoon, the level of the river 
falls and the pent-up water of the spill areas rushes out 
through the khals or channels which are thus freed of depo- 
sited silt and kept open for next year's flood water. These 
spill areas and khals may die by becoming silted up naturally 
but any artificial contraction of the spill area or obstruction 
in the khal will hasten the process. The country behind an 
active delta, unless actively irrigated, tends naturally 
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to become drier, less productive agriculturally and more 
malarious. This is what has happened in some of the 
western and central areas of Bengal, and the problem of re- 
introducing ilood irrigation in these areas is one of tlie most 
urgent importance. Sir William Willcox is of opinion that 
many of the dead rivers of these areas are old irrigation 
canals and that they could again be used as such if re- 
excavated and cleared, especially if the waters of the 
(langes were held up by a barrage or dam placed across it 
in no them Bengal. 

Composition of Soil. — Soil contains mineral and organic 
matters in varying amounts and about 33 to 50 p.c. of 
oxygen. The nature of the mineral constituents depends 
upon the character of the rocks from which they are derived. 
Besides oxygen, other elements ])rescnt in the soil are 
carbon, silicon, hydrogen, chlorine, sulphur, calcium, magne- 
sium, iron etc. About two-thirds of the inorganic com- 
pounds are formed of aluminium silicate or clay. Iron is 
always present in the soil and imparts to it a red colour. 
Nitrogen exists as ammonia and its salts, nitrous and nitric 
acids, nitrites and nitrates. The organic matters are derived 
partly from animal and partly from vegetable sources. The 
vegetable organic matter exists in various stages of decom- 
position. The animal organic matter is derived from the 
decomposition of carcases and excreta of animals. The 
latter is present in the neighbourhood of human habitations, 
and if in excess in the soil it will pollute both the air and 
water of the locality. 

Son. FeATTJKES INFLlTENCINtJ CeIMATE AND nEAT/m 

Certain features of the soil intluence the sanitary condi- 
tions of the inhabitants. They are : — 

Conformation of the ground and its relation to the 
neighbourhood as regards position and elevation. This 
depends on : — 

1. The relative extent of hills and plains. 

2. Tlie height of the hills. 

3. The direction of the main chains of the hills. 

4. The angle of the main slopes of the hills. 

5. The nature, size, and depth of the valleys. 

6. The chief water sheds, and the direction and dis- 
charge of the water course, and 

7. The amount of plain or Hat land available. 

Unhealthy spots among hills are closed valleys and 

places where there is stagnation of air, ejj. ravines. In the 
tropics ravines and nullas are usually unhealthy, as they 
very often contain decayed vegetation, and a current of air 
may disseminate mosquitoes from such marshy places. A 
saddle hack is usually a healthy site, and so are positions 
near the top of a slope. Places at the foot of the hills, 
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especially in the tropics, are usually unhealthy, as they are 
damp and rich in organic matter on account of the accumula- 
tion of rain water and of the excessive growth of vegetable 
and animal life. Depressed or water-logged places are 
always damp. 

Soil Air. — All the varieties 6f soil even the hardest rocks 
contain air in their interstices, but the actual percentage 
depends upon the looseness or otherwise with which its 
particles are packed together. Gravel, sand and sandstone 
being porous can hold considerable volumes of air. Soil air 
differs from the atmospheric air. It is usually moist, and 
contains oxygen less by what has been replaced by carbon 
dioxide resulting from decomposition of organic matter. The 
character of the ground air varies greatly dej)ending mainly 
upon the character of the soil, the climate, the season and 
the rainfall. It contains a much larger percentage of CO 2 
and less oxygen than ordinary air and a greater quantity of 
organic or other gases. The amount of CO 2 in the ground 
air of a particular area varies from 0.2 p.c. to 8 p.c. and 
depends on 

(а) quantity of organic matter, 

(б) permeability, ' 

(c) depth, and 

(d) temperature and moisture. 

If the ground air of two soils similar as regards organic 
impurities, temperature and moisture, but of different per- 
meability be examined, the less permeable one will contain 
more CO 2 . The amount of CO 2 also increases with the depth. 
This is due not to increased chemical action, nor to the 
presence of more impurities, but to the air not getting an 
easy vent as in the more superlicial layers. 

A continual interchange between the soil air and the 
atmospheric air is going on which keeps the soil air moving. 
This interchange is influenced by 

(a) difference in the temperature of the air and soil ; 
when these differences are greatest, the widest range of 
movement of the ground air Avill occur ; 

(h) ground temperature ; 

(c) rainfall, a heavy rainfall is followed by a sudden rise 
in the level of the ground water and this will force out large 
quantities of ground air ; 

(d) barometric pressure ; on the days of low pressure the 
ground air escapes from the soil ; and 

(e) movements of the ground water. 

Soil air may occasionally be contaminated with poisonous 
gases derived from defective drains, cesspools, or ^‘made 
soil,” and may be aspirated into a house. This is of great 
practical importance from a sanitary point of view, and can 
be prevented by making the floors impervious by cementing 
or asphalting, or building the floor on arches. Instances 
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arc on record where coal-gas from leaky pipes has been 
known to lind its way into distant houses following the 
tract of water or drain pipes, thereby producing poisoning 
or explosion. 

Soil Water. — Water exists in the soil in two forms, viz. — 
as (1) moisture, and (2) as subsoil or ground water. Most 
of the rain falling on the earth passes through its interstices 
to join the underground or subsoil water, and this passage 
of water into the soil is essential for keeping the soil active. 
An absolutely dry soil, as in deserts, is lifeless and an 
excessively moist soil delays or hinders organic decomposi- 
tion. In the deeper layers no bacterial action takes place, 
and vegetable matter remains unchanged almost indefinite- 
ly. The moisture of the soil is derived from : — 

(a) rain, 

(/>) rise and fall of the ground Avater, and 

(c) evaporation of subsoil water. 

The absorbability of moisture varies with the soil; open 
gravel absorbs least, about 10 per cent., Avhile sandy or 
peaty soils absorb most, 60 to 80 per cent. Some soils, e.g., 
hard limestone or dense clay, are practically impermeable to 
water, while others, such as chalk, sand and vegetable clay 
are permeable. 

The depth of the subterranean water in any soil varies, 
sometimes it is 2 to 3 ft. from the surface, and in other cases 
as many hundreds. The depth to which the water descends 
varies indefinitely according to the nature of the soil. 
The level of the ground water is the depth of the water 
in shallow wells in the neighbourhood, but this level is 
liable to fluctuations depending upon the rainfall. In some 
places it lies just near and in others far below the surface. 
When it is near the surface, the ground above is aLvays 
damp. 

The ground water is constantly moving, flowing toAvards 
the nearest watercourse, river or sea. In India the changes 
in the level of the subsoil water are very great. At Jubbul- 
pore it is from 2 ft. to 12 or 15 ft. from the surface; at 
Calcutta from 5 to 15 ft.; in Bengal it is generally from 2 
or 3 ft. to 10 or 12 ft. from the surface. A soil with a low 
ground water level, e,g. 15 to 20 ft. is, as a rule, dry and 
healthy, whereas a soil with a high ground water level is 
damp and unhealthy. Sudden fluctuations of ground Avater 
are still more harmful to health. 

Soil Temperature. — The soil temperature depends large- 
ly on the heat derived from the sun, and also to certain 
chemical and other changes taking place within itself, /.e. 
on its geological formation. The temperature of the earth 
increases with the depth. The rate of increase in England 
has been estimated to be about l^F. for every 50 ft. As 
soils conduct heat in varying degrees, the absorptWe power 
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varies as well. Green vegetation lessens the absorptive power 
of the soil, as evaporation occurs constantly from the herbage. 
Damp soils are colder than dry ones, as the evaporation is 
continuously going on. The temperature of the soil is 
taken at a depth of 4 ft. 

Soil Bacteria. — Garden soil and agricultural humus 
contain a large number of micro-organisms. They usually 
hud in the soil all the conditions necessary for their growth 
and multiplication. Nutrition is derived from decomposition 
of organic matter, moisture, air and suitable temx)erature. 
These conditions are found more in the superficial than in 
the deeper layers of the soil. 

One of the most important functions of the soil is the 
disposal and utilisation of organic matter. This is a comx)Iex 
process by which the proteins of the organic matter, animal 
and vegetable, are recluced to more simple and stable inor- 
ganic compounds. This disintegration is purely a bacterial 
action. Along with tliis process of cafaholism there is also 
another phase, anabolism, or building up process done by the 
living plants. These two processes— catabolism or breaking 
down and anabolism or synthesis — form the ^^nitrogen cycle’^ 
and occur in the superficial layers of the soil ' This nitrogen 
cycle, Avhich goes on in the soil through the agency of soil 
bacteria and plants, has an important bearing in the puri- 
fication of water, prevention of soil pollution and dis])Osal of 
sewage. Thus, when an animal or a plant dies, the protein 
constituents are acted upon by the putrefactive organisms, 
chiefiy B. subtil is and B. proteus, and some bacilli of the 
colon group. These break up the nitrogenous matter into 
simpler products and a x>rocess of putrefaction and liquefac- 
tion takes place, when most of the bacteria x>ajthogenic to 
man die. This putrefactive process goes on in the soil as 
long as the conditions for bacterial growth are favourable, 
viz. a suitable temperature, moisture and air. The breaking 
down of vegetable matter is, however, a slower x)rocess, since 
it contains less water and a smaller percentage of x>utresci- 
ble x>rotein. The protein molecules are broken down by a 
process of hydrolysis into simpler amino compounds, the 
final products, amongst other substances, being carbon di- 
oxide and ammonia. Part of the former passes into the 
atmosphere and the rest is retained in the soil as carbonates. 
Since ammonia, as such, cannot be utilised by the x>l^nts, 
some of it also passes into the air and the rest remains in the 
soil as chloride or carbonate. The ammonia is oxidised by 
the nitrifying organisms in the soil into nitrates which are 
stable and represent the final stage of mineralisation. The 
nitrates are held in solution in the ground water and are 
either taken up by the plants or are washed away with the 
ground water. The presence of nitrates, therefore, in the 
water is of some significance. 
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Yatiieties of Soil 

Nevvsliolme classifies soils as under : — 

1. Granitic, Metamorphic, and Trap Rocks, owing^ to 
the good drainage and slope are always dry and form healthy 
sites for houses. ‘‘Weathered’’ granite, however, is an 
exception to the rule, as it becomes disintegrated and 
softened, absorbs water, and becomes permeated with the 
lower forms of organisms. 

2. Clay Slate is ccpially healthy, the water-supxdy and 
vegetation being less. 

3. Chalk, when free from clay, is always a healthy soil, 
but with clay, i.e. marly, it is damp and cold. 

4. Limestone, and Magnesian Limestone Rocks have 
considerable slopes, so that water runs off quickly. The 
hard oolite is the best and magnesian the woi\st. 

5. Sandstones. — Here both the soil and air are dry, and, 
therefore, healthy. If the sand be mixed with clay, or if 
clay lie under a shallow layer of sand rock, the site is some- 
times damp and cold. The hard millstone grit formations 
are healthy. 

6. Gravels, unless water-logged, are healthy at any 
depth. Gravelly elevations are the healthiest of all sites, 
and the water-supply from them is usually pure. 

7. Sands. — When of considerable depth and free from 
organic matter, these may be considered healthy, but when 
they are shallow and lie on a clay basis, or when the subsoil 
water rises through them to a high level, they are unhealthy. 
In the Punjab, sand contains lime, magnesium, and the salts 
of alkaline earth. 

8. Clay, Dense Marls, and Alluvial Soils, owing to the 
retention of water in them, are cold and damp. A clay soil 
will improve by thorough drainage. Alluvial characters are 
to be seen in the deltas of big rivers. 

9. Cultivated Soils. — Well-cultivated soils are frequently 
healthy. Irrigated lands favour the breeding of mosquitoes, 
therefore dwelling-houses should not be constructed in the 
vicinity of such places. 

10. Filled or “Made’’ Soil. — When tanks, hollows, or other 
depressions of the ground are lilled up with refuse and other 
rubbish, the resulting site is called nnide soil. The chief point 
to be considered in such cases is whether the local conditions 
are favourable for rapid disintegration of organic matter. The 
complex organic substances are disposed of by the nitrifying 
micro-organisms and are converted into harmless inorganic 
compounds which are finally removed by percolating rain 
water. Insanitary tanks or loAV-lying lands, where Avater 
can accumulate, should be hlled up for improving the local 
sanitary conditions, but to carry this out effectively and 
without offence, certain precautions are necessary. The 
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refuse undergoes fermentation and putrefaction with the 
foi Illation of gases, chiefly marsh gas, sulphuretted hydrogen, 
etc., which may travel a long distance underneath the 
ground and help breeding of flies. The serious nuisance and 
consequent ill-health can be avoided by attending to the 
following details : — 

(а) All such sites should be dry, and in the case of tanks 
or land subject to flooding, the water must first be drained 
away and arrangements made to protect such areas by 
embankments. 

(б) The refuse must be deposited in layers not exceeding 
0 feet in depth which should be covered on all surfaces ex- 
posed to the air with at least 9 inches of earth or rubbish 
from dismantled houses. No refuse should be left uncovered 
for more than seventy-two hours. Use screens to prevent 
debris being blown away by the wind. 

(c) Whenever practicable the filling should be completed 
before the onset of the rains to prevent formation of offen- 
sive puddles and breeding of mosquitoes. 

{(I) For large tanks the water should be first drawn out 
and then partitioned either by means of bamboo matting or 
earthen dams, and each part taken in tufn. The process 
should begin at one end and then gradually advanced 
onwards. 

(e) The land should not be used for some years (ten to 
twenty or even more according to the nature of the materials 
dumped) for building purposes, and should only be utilised 
for gardening or cultivation, care being taken to drain it 
properly. 

(f) No dead animals, slaughter-house garbage or hecal 
matter should be thrown into the excavations. 

((j) The hollows should be filled up to about 2 ft. above 
the surrounding area to allow for settlement. 

(h) Each layer of refuse with the layer of earth should be 
allowed to settle before the next layer is deposited. 

(i) No building should be erected without first examin- 
ing the earth to find out its suitability for the purpose. 

Dampness of Soil.— Damp soil is, as a rule, unhealthy, 
and, when permanently wet, it generally contains much or- 
ganic matter. It is usually found that the health of those 
living in or near a damp place is inferior to those living near 
a dry one. To render the soil fit for habitation, proper 
drainage for readily carrying away surface or storm water 
without permitting it to percolate into the soil should be 
made. Wherever necessary, subsoil drains should also be 
constructed to lower permanently the level of the under- 
ground water. 

According to Simpson the following are the causes of 
dampness : — 

1. Retentive Soils . — Clay soil is difficult to drain and 
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when the laud is low-lying, swamps arc easily formed which 
add to the unhealthiness of the locality. Alluvial soils wlien 
mixed with clay, sand, and a large proportion of organic 
matter, as met with in valleys or in low-lying lands, are also 
unhealthy. 

2. Impermeable Layer near Surface . — The depth of the 
subsoil water should be at least 5 ft. from the surface. 
When the impermeable stratum is too close to the surface, 
it holds up the soil water very near to it. 

3. Borrofv Pits . — These are excavations made during 
construction of public roads or in railway works to form 
embankments, and for the supply of earth for building 
purposes. During rains they are converted into stagnant 
pools and marshes, and become ideal places for the breeding 
of mosquitoes. Since it is not possible to do away with 
such excavations, they should not be done at random. 
The best plan would be to have these excavations on either 



Fig. 29. —Railway Embankment Forming Borrow Pits. 

side of the railway line in the form of long trenches which 
should open into some river or stream. It is quite common 
to find excavations and depressions in most villages. They 
form what are called sand pits and clay pits. These are 
made to supply earth for the purpose of building huts or for 
making bricks. They are very diflicult to drain and add to 
the unhealthiness of the place. The best plan would be 
either to fill these up with the rubbish of dismantled houses, 
or, when this is not possible, to reserve a plot outside the 
town for the purpose of taking earth which in time may 
be converted into a decent tank, provided this is done 
systematically. 

4. Obstructed Drainayc . — Obstruction to the flow of the 
underground water, or of natural drainage of the locality, 
brought about by embankments, often gives rise to damp- 
ness and marshiness. That railways are responsible for the 
spread of malaria in certain districts may be best explained 
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in the words of Professor Simpson : “Wherever railways do 
nob follow the water shed of the district ample provision 
should be made to secure diversion and a sufficient outlet 
for the drainage which is likely to be obstructed. In all new 
railways in the tropics this essential factor in the health 
of the localities through which the railways pass should be 
insisted on. It is not an engineering difficulty that cannot 
be overcome.” 

5. silting up of Streams. — This leads to the obstruction 
of the natural drainage and makes the place unhealthy and 
malarious. As an example may be mentioned the silting up 
of the water ways in diffierent parts of Bengal. 

(>. Neglect to Keep Clean Water-wags. 

7. Introduction of Water-supply without Provision of 
Drains. 

Effect of Irrigation on Soil.— Irrigation makes a healthy 
locality unhealthy when not attended Avith efficient drainage. 
When a large volume of Avater is alloAved to run into 
a district, the natural outlets Avhich may have been sufficient 
for its drainage prove insufficient, making the soil damp 
and Avater-logged. 

For the proper management of irrigation Avorks in India, 
Avithout atfectiiig thehealth of the district, the following rules 
are to be observed * 

1. The irrigation canals should be constructed along the 
line of the Avater shed. 

2. The smaller canals should be so constructed as not 
to be carried across the natural line of drainage. 

3. Drainage cuts should be constructed along the natural 
lino of outfall. 

4. The supply of water should be limited to the amount 
required, and to the particular time needed to secure the 
success of the crops. 

Diseases Autsixcj euo.ai the Hon. 

The upper few inches of the soil contain innumerable 
bacteria which give to the soil the sticky moist feeling so 
common with rich living soils. Very fcAv bacteria are, hoAv- 
ever, found beloAv the depth of 4 to (» ft. in an undisturbed 
soil. Houston found on an average 100,000 per gramme in 
an uncultivated sandy soil, and 1,500,000 per gramme in a 
sewage soil, of bacteria which ordinarily grow in the usual 
laboratory media. The bacteria are cither saprophytic or 
pathogenic, but the former are found in greater abundance. 
Pathogenic bacteria do not, as a rule, find a suitable medium 
in the soil for growth and development. Thus, Koch has 
shewn that anthrax and other pathogenic micro-organisms 
may grow on sterile soil but not in soil with ordinary 
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soil-bacteria, i.e.y in living soil. These die in the struggle for 
existence. The soil, however, contains certain bacteria or 
their spores, c.^. those of malignant (edema, tetanus, etc. 

Usually the soil is capable of disposing of organic matters. 
Without this property the earth surface would have long 
become clogged with these substances. But sometimes it is 
unable to carry out this process, specially when overloaded. 
Under these conditions the soil remains polluted and may 
cause diseases through contamination of water or in other 
ways. 

The soil was once held responsible for the spread of cer- 
tain infectious diseases, notably typhoid and tuberculosis. 
Few pathogenic organisms, however, can actually live in the 
soil. But a soil polluted with human excreta may contain 
specilic organisms and give rise to dilferent types of intesti- 
nal troubles. Thus cholera, amoibic dysentery, typhoid, etc. 
may all be produced from infected or polluted soil indirectly 
through water, dust or Hies. Certain vegetables eaten raw 
may communicate eggs of worms and bacteria in a mechani- 
cal way when grown on [)olluted soil. Finally, all water for 
drinking or otherwise must, some time or other, have j)assed 
through soil which materially atfected its character. The 
infection contracted directly from soil polluted with human 
excreta is chielly hook-worm and the eradication of the 
disease depends primarily upon the prevention of soil pollu- 
tion. Again tapeworm and other intestinal parasites pass 
X^art of their life-cycle on or in the soil. 

Anthrax . — Under normal conditions, anthrax does not 
grow and multiply in the soil, although its spores have been 
found in Helds where infected animals have been alloAved to 
graze. Pasteur demonstrated the ])resence of the bacillus 
in the soil and believed that the spores Avere brought to the 
surface by earth-worms. The danger of infection from the 
soil is negligible and anthrax rarely occurs through soil 
infection. In fact there is no case on record Avhere liumaii 
anthrax has been contracted from contact aa ith the soil. 

Enteric Fcrer . — Enteric excreta Avlien buried superlicially 
in dry sandy soil may be carried about by air and infect 
food. It is hardly ])ossible that the bacillus multiplies at 
all in the soil, as it rarely lives more than a month or at 
most three months. On the other liand, there are many 
X)0ssibilities of infection being conveyed through soil once it 
is polluted by typhoid excreta. Thus, the drinking Avater 
may be infected or the bacilli may be carried about mecha- 
nically by the agency of flies, dirt and dust. 

Cholera . — In India, epidemics occur either during or after 
the rains Avhich Avash the bacilli from the surface of the soil 
into Avells, tanks and other sources of water supply. Under 
normal conditions the bacilli die quickly Avhen deposited 
upon or in the soil. It is possible that when the soil is 
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infected with the excreta of cholera patients, the vibrios 
may be carried by dirt, flies and dust. Cholera is rarely 
contracted directly from the soil. 

In India the evidence is in favour of the soil being* a 
medium for the propagation of the disease inasmuch as the 
bacilli retain their vitality for a long time in the soil. 

Diarrhoea (epidemic or summer). — This is associated with 
low-lying alluvial soil. The annual recurrence of diarrhceal 
attections, especially among infants, is often associated with 
the rise of temperature of the soil and consequent resuscita- 
tion to activity of certain pathogenic saprophytes to which 
these diseases are due, and to the changes effected by their 
means in milk and other food. 

Animal Parasites. — It is well-known that hookworm in- 
fection is associated with soil infection through faulty dis- 
posal of excreta. Similarly the eggs of most of the intestinal 
parasites of man are deposited on the soil and re-infect 
man during one of the stages of their life-cycle. 

Phthisis. — The effect of damp soil in the prevalence of 
phthisis is only indirect. Combined with cold wind, chill 
and moisture, it might induce respiratory catarrh and thus 
render persons more susceptible to the attaclc of tuberculosis 
especially if the domestic and other conditions be insanitary. 

Tetanus. — The natural habitat of the tetanus bacillus 
has been proved to be richly manured soil, specially the 
contents of dung heap where it is supposed to lead a sap- 
rophytic existence. The spores have been found not only 
on the superficial soil but at times a few feet under the soil. 
Although the bacillus has also been found in the dust of 
houses, on the skin and intestine of herbivorous animals, 
the soil is the chief medium through which the germs are 
distributed. 

Malignant (Edema. — Wounds may become infected with 
soil containing spores of vilrrion septique giving rise to 
malignant (Bdema, or of B. welchii (perfringens) causing gas 
gangrene. 



CHAPTER V 

HOUSES AND BUILDINGS 


Tub selection of the site for building purposes is often 
done without any regard to its suitability from a sanitary 
point of view. The primary consideration in the selection 
of a site should be dryness, warmth, light and air. The 
following points require careful attention : — 

1. Since dryness of the soil is dependent upon the 
facility with which rain water can pass off, the ground 
selected must be high with a sufficient slope to allow the 
rain water to be drained off rapidly. 

2. Permeability of the soil should not be overlooked. 
The soil should be of a loose gravelly nature to allow free 
drainage. The worst soils are shallow beds of gravel or 
sand lying over clay, as also alluvial tracts, owing to their 
frequent water-logged condition. Made ground should, as 
a rule, be avoided. 

3. The building should be open on the east and south 
to allow free passage of light and air, and a part of it at 
least should be exposed to the sun. 

4. Vegetation around the house will keep it cool, but if 
it be too close it may make the house damp by obstructing 
light and air. 

5. The site should be at a distance from marshes, paddy 
lields, cowsheds, stables, etc. 

6. The surface soil or subsoil should not be polluted by 
sewage or other refuse, and the surface drainage of the soil 
must be good. 

7. Vicinity of a bazaar or a hiistee should be avoided. 
Places close to trenching grounds, open lands where refuse 
is thrown, or factories, etc., are unsuitable for building 
purposes. 

8. A site with a constant level of subsoil water is better 
than a place where the subsoil level varies in different sea- 
sons of the year. The ground water should be about 6 ft. 
below the surface and not subject to sudden changes. 

9. When selecting sites for building coaly lines attached 
to tea gardens, mills and factories, these should be on a 
healthy site, and away from damp and marshes. 

Construction of Houses 

The value of well- ventilated and well-lighted houses is 
being forcibly brought home to us daily. When it is remem- 
bered that sunlight not only kills germs but is a valuable 
means of producing vitamin D from the skin, it will be at 
once obvious that its deficiency in ill-lighted and ill-ventilated 

10 
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houses will have a deleterious effect on the health of the 
people. Rickets and osteomalacia are diseases now common 
in this country, and are found in overcrowded cities and 
towns with narrow lanes and high sunless houses, and in 
densely populated bazaars amongst purdah observing women 
and their children. In fact Dr. Degmar Curjel Wilson* 
as a result of investigation on the diet, housing and custom 
of 1500 cases of rickets and osteomalacia in Northern India, 
has pointed out that deficiency of vitamin D in the food 
supplemented by a lack of sunlight is the chief etiological 
factor in the production of these conditions. 

The result of building houses without any regard to the 
sanitary conditions is well examplified in every old town or 
city in India. It is only within recent years that any attempt 
has been made to construct houses with a x)roperly laid out 
town planning. Indeed it is a big financial problem to 
rebuild a city on modern sanitary lines, although attempts 
are being made by the Improvement Trusts, as in Calcutta 
and Bombay. The modern town planning is well illustrated 
in the New Delhi which stands in contrast to Old Delhi a 
congested area with insanitary houses abutting narrow lanes 
and by-lanes. Once a city has been allowed to grow it be- 
comes very difficult to modernise it without the largest 
measures of demolition and reconstruction, 

An important consideration in the building of houses 
in the tropics is to keep them cool. Therefore such material 
should be used as will reflect as much heat as possible. A 
convenient way is to have a verandah against the room to 
intercept the direct sun’s rays. 

Another pernicious system which also exists is to build 
what are known as hack-to-hack houses. It is obvious that 
cross ventilation is impossible in such houses and the rooms 
are naturally dark and ill-ventilated. Back-to-back liouses 
are unfortunately the rule in blocks of dwellings built for 
the labourers in mills, factories, railways, etc., generally 
known as cooly lines. This should be forbidden in all new 
constructions. 

A house must be dry, properly lighted and ventilated ; 
a damp building harbours disease. Dampness may originate 
from the soil on which the house stands, from bad drainage 
and leaky roofs, or from planting trees too near to the house. 
Bricks by their capillary attraction draw up moisture from 
the soil and make a house damp. Ill-ventilated and closed 
houses without a sufficient number of doors and windows for 
admitting light and air are always damp. It is almost im- 
possible in India to adequately ventilate a room by natural 
means, unless arrangements are made for cross ventilation 
through doors and windows. Situated in narrow lanes as 
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most of the houses in congested parts of towns are, with a 
narrow frontage, and wedged in between adjoining buildings, 
three out of four blocks are absolutely shut in, save for the 
tiny courtyard which in lofty buildings is almost well-like. 
The oriental style of constructing houses with an open 
central court has the advantage of admitting light and air 
into the interior of each room, provided the area of the 
courtyard is in proportion to the height of the structures 
around. 

The system of dividing dwelling-houses amongst several 
co-heirs is a potent factor in the production of insanitary 
property. Each co-sharer erects as lofty a masonry wall as 
he possibly can, so as to shut off completely his share from 
the rest. The result too frequently is that a noble mansion 
with spacious courtyards is coverted into a number of mean 
little houses having totally inadequate open spaces with 
most of the rooms imperfectly lighted and ventilated. 

The foundation must always be solid and substantial. 
When the soil is soft and yielding, the walls should be broad 
and built on a solid basis of concrete. In making the foun- 
dation the ground should be dug up, and then a bed of good 
cement concrete made to cover the whole site of the house 
and extending six inches beyond the ^‘footings” of the walls 
on every side. The object of laying this bed of concrete is 
to prevent subsidence which occurs in buildings erected on 
a loose soil or with bad concrete. The depth of this concrete 
should depend upon the weight of the wall which has to be 
supported and in no case should be less than 18 inches. In 
addition to this bed of concrete a layer of impervious mate- 
rial known as the “damp-proof course” should be laid 
horizontally along the entire thickness of each wall, above 
the point where the Avail leaves the earth, but beloAv the 
level of the ffoor. This is necessary to im])ose a barrier to 
the upward progress of the moisture. By capillary attrac- 
tion the bricks absorb moisture from the soil even as far as 
the upper rooms thus making the house damp and unhealthy. 
The materials used for the damp-proof course should be 
impermeable to moisture and sufficiently strong to stand 
the superincumbent weight and unequal pressure, and may 
consist of one of the following : — 

1. Sheet lead, 

two layers of rooting slate, 
o. a layer of good asphalt 2 in. thick, 

4. well-tarred bricks, and 

r>. patent stone one inch thick made Avith stone chips, 
cement and stone dust. 

Walls. — The materials usually employed for the cons- 
truction of the walls of dwelling houses are bricks, stones, 
or wood. A good brick should be Avell burnt, of regular 
shape, of uniform colour, and when struck should give a clear 
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metallic sound. Ordinary bricks are porous and allow air 
and moisture to pass through them. The brick work of the 
wall should be at least 15 in. thick; the thickness is usually 
regulated by consideration of stability and height. The 
bricks should be properly bound together by being laid 
length ways and cross ways alternately. Wood, unless well 
seasoned, should not be employed. A thin-walled house is 
hot in summer and cold in winter. It is necessary that the 
outer walls above the ground level should be so constructed 
as not to admit damp even if exposed to rain and wind. 
Hollow external walls would resist any amount of damp, 
and consist of parallel walls separated by an air space of 
about 2 in. and tied together by binding ties of iron , but 
the constant presence of rats, etc., within double walls 
makes it difficult to prevent a nuisance arising therefrom. 
A good plan, therefore, is to lill the space between two such 
walls with asphalt, thus forming a vertical damp-proof 
course. 

The walls of houses are mostly plastered and white or 
colour-washed outside. The plaster consists of a mixture 
of chunam (lime) and river sand. It has been the custom to 
leave the outside walls with bricks exposed, but for this 
neat work with good bricks is required. Although this 
looks well and refreshing to the eye, it makes the buildings 
proportionately hotter. 

The walls in the rooms are covered with sand plaster. 
Ordinarily this consists of two layers, the first is a mixture 
of lime and sand half to one inch thick and the second of 
slaked lime mixed with water to the consistency of cream. 
The treatment of this surface of the room, however, difiers ; 
it may be : — 

(a) Limewashed with quicklime and water. 

(5) Whitewashed with a mixture of whiting or finely 
ground chalk and water. Some alum or gum may be added 
to protect it from being rubbed off. 

Oil painting of walls is also done. This renders the 
surface impervious and enables it to be easily washed. The 
painting of wood and iron work with oil paints is valuable 
as a preservative. Papering is rather rare in India, being 
rapidly deteriorated by the climatic conditions that prevail. 

The upper floors may be made of wood, or terraced 
and cemented. Floors should be made of some impervious 
materials which can be washed. Bricks, stones, tiles, broken 
bricks and mortar, cement, asphalt, etc., are all used for the 
purpose. The floor of the ground storey should invariably 
be air and water-tight. The concreted floors should be 
covered with a layer of good cement, patent stone, or, in 
better-class houses, with marble slabs. 

The chimney flues are as a rule not required except in 
houses built in the hill stations. They should be circular, 
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straight, and higher than the surrounding buildings, and 
not made of any intiaminable material. They should be 
constructed during the erection of the house wall. 

The roofs of Indian houses are either flat (terraced), or 
sloping. Flat roofs should have just enough slope to allow 
rain-water to liow off. Eoofs should always be high, as the 
heat radiated from a roof is in inverse ratio to the square 
of its distance. They afford a promenade and place for 
sleeping during hot weather. 

Sloping roofs may be either of tiles, slates, thatch, corru- 
gated iron, etc. Tiled roofs are coming more into fashion 
with the introduction of different varieties of tiles. Thatched 
roofs made of hay or straw, spread on a bamboo framework, 
and about 6 to 12 in. thick, are often used for the con- 
struction of bungalows, especially in those parts of India 
where the heat is great. These are very cool and dry, but 
their liability to take fire easily and the shelter they give 
to rats, insects and other animals are the great drawbacks. 
This may partly be obviated by occasional renewals. A 
double roof with a space between should make a very cool 
covering to a dwelling. Corrugated or galvanised iron 
used as a roof covering is very hot in summer and noisy 
during the rains, but is well suited for hill stations. 

The height of the rooms should be at least 10 ft. and 
every room must have at least one window opening to the 
outer air direct. But very great height is not desirable un- 
less proper arrangements are made for the exit of foul and 
warm air from the upper part of the room. 

Doors and Windows . — Every room of a house should have 
sufficient number of windows to allow of free ventilation. 
They should be so built as to face the prevailing wind of 
the place. Whenever possible they should be placed opposite 
to each other to allow cross-ventilation, i.e. the air should 
pass through one end and come out at the other. Very 
often, however, in ordinary houses there is only one window 
and one door to a room with the result that when the door 
is closed ventilation of the room becomes imperfect. 

To prevent entrance of mosquitoes, Hies and other insects 
the doors and windows may be protected with proper wire 
gauze of tinned iron, copper or brass, and properly secured 
with nails of the same metal. This measure, however, is ex- 
pensive, but should be done in all public buildings, hospitals, 
etc. 

The kitchen should not be near a privy, nor so placed as 
to allow the smoke and smell of cooking getting into the 
rest of the house. It should not be on the side of a busy 
road and thus bo exposed at all times to the dust and the 
impurities it contains. It must be provided with fly-proof 
automatic closing doors and windows. The openings for 
the exit of the smoke should be as near the ceiling as 
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possible. It should have floors with impervious materials^ 
e.g. cement concrete or brick-on-edge, and have proper 
arrangement for washing. The garbage should be collected 
in a special covered receptacle which should be emptied 
at regular hours at least twice a day. 

Water-closets or privies should be confined to one part of 
the house. At least two sides, if not more, should be open 
to the outside air, and the floor and walls up to a certain 
height should either be plastered with cement or covered 
with glazed tiles. In villages, where more land is available^ 
the privy should always be at a distance from the main 
building. 

Disjjosal of Bain and Stop Water, — Every house should be 
provided with rain-pipes for getting rid of rain water. These 
may be either of wrought iron, tin or earthenware. Those 
made of Avrought iron are the best. Houses with sloping 
roofs should have gutters all round the lower edge of the 
roof to catch the rain, with openings at intervals, whence 
the water should be carried down by ordinary rain-pipes. 
In order to prevent surface water percolating into the 
ground and thus making the house damp, ^the surrounding 
area should be cemented and the water carried either direct 
into a yard gully or sewer, or into the main street drain 
through half-channelled open surface drains. 

Disposal of Bef nse . — Besides the building, proper arrange- 
ment should be made for the removal of refuse. The refuse 
to be disposed of is of three varieties, viz. (1) dry refnse, 
such as ash, dust, waste paper, rags, vegetable and animal 
matter, etc. ; (2) liquid refuse, or slop water from kitchen, 
bathroom and other Avashing places ; and (5) human excretuy 
consisting of urine and feces. The garbage should be collec- 
ted in metal receptacles, wdiich should be emptied at regular 
hours, at least twice a day, into the public dustbin. In 
places Avhere there are no sewers, the slop water should be 
disposed of by surface drains. But it Avould be better to 
allow the water to pass first through a sullage filter Avhich 
is a trench filled with stone, clean gravel and loose earth 
and sand of each six inches. The disposal of human excreta 
either by the water-carriage system or by the hand-removal 
system is described under the respective chapters. 

Proper Supply of Wholesome Water. — In places where 
there is a public water-supply very little difliculty will be 
experienced in providing sufficient water for drinking, cook- 
ing and w^ashing purposes. But in the absence of such a 
supply, provision should be made for a deep well, reserved 
tank, or a tube well, care being taken to prevent contamina- 
tion of water from different sources. 

Open Space . — In cities and croAvded places it is essential 
that there should be sufficient open space around each build- 
ing. A back space of at least ten feet will do away with 
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the possibility of the creation of ‘^back-to-back'’ houses, 
while the side sj^ace will make the rooms bright and healthy 
and afford proper ventilation. In villages where the land is 
cheap there is always a compound round the building or 
bungalow, and a belt of sharp gravel couple of feet wide 
around the building keeps off* snakes. 

The construction of well-ventilated houses on sanitary 
lines has been described above. These are possible in towns 
and cities, though the question of open space is an important 
consideration in these places where the value of land is so 
high that it is just possible to have only the building and 
its necessities. Open space around the house becomes more 
a luxury than a health question. In country districts where 
land is cheap much can be done to build healthy houses, but 
the provision for proper water-supply and the disposal of 
water and excretal matter is a problem to be dealt with, since 
the water-carriage system is non-existent in most villages 
and the disadvantage of hand removal system is well-known. 
The real problem which sanitary authorities have to face in 
most of the tropical countries is housing of the poor both in 
towns and villages. Thatched houses with walls made of 
split bamboo and plastered with mud or plain mud walls 
are common. These cannot be kept clean and dry. 

Another factor which makes houses insanitary even when 
otherwise built in healthy surroundings is the custom of 
keeping domestic animals within the building or even in 
some living rooms. It is a common practice to keep cows, 
goats, fowl and even horses in many houses. The insanitary 
condition which such a practice will create is obvious. The 
cowduug is collected in heaps and kept for days to undergo 
putrefaction wliile the breeding of flies goes on merrily. 
Food materials for these animals are stored in the house 
without proper protection, wdiile waste materials and gar- 
bage are thrown about the house. 

Overcrowding is another evil, and in England it is re- 
garded a nuisance. Although the law does not define when 
a room or a house should be considered overcrowded, it is 
usual to adopt a standard of cubic space for each person, 
having due regard to age and whether or not the room is 
entirely used for sleeping purposes. The standard of cubic 
space has been given under ventilation (see page 87). It is 
still believed that overcrowding produces its harmful eft'ects 
by causing vitiation of the air of the dwelling-room and em- 
phasis is laid on adequate ventilation. Overcrowding and 
defective ventilation cause increase of temperature, ex- 
cessive humidity and air stagnation of the room which lower 
the vitality of the inmates and make them more susceptible 
to disease. Those who work and live in badly ventilated 
rooms suffer from headache, languor, debility and anaemia. 
By shortening the path of the buccal spray, overcrowding 
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helps communication of bacteria from one individual to 
another. Thus the bacteria of respiratory passages of per- 
sons suffering from catarrhal or infectious diseases may- 
penetrate in large numbers the respiratory passages of 
other persons in close proximity. It is not uncommon to 
find occurrence of multiple cases of respiratory troubles, 
e.(j. tuberculosis in a house which is overcrowded. Other 
diseases like measles, small-pox, influenza, etc., are associa- 
ted with overcrowding. Another important feature of over- 
crowding is the greater incidence of contagious diseases, 
such as scabies, ringworm and ophthalmia. Typhus fever 
being a louse-borne disease, is associated with overcrowd- 
ing due to poverty, and low standard of living. Apart 
from its association with disease it has a bad social effect 
specially when persons of opposite sexes occupy the same 
sleeping room. The lack of privacy wliich perforce occurs 
has the effect of dragging every one down to the same level 
of squalor which has a degrading induence on children and 
adolescents. 


The Housing Puoulem 

% 

Nowadays, in cities like Calcutta and Bombay, various 
ne^w problems relating to the construction of dwellings for 
proper accommodation of middle-class people are being 
seriously discussed; the chief point to consider being how 
to obtain an abundant supply of air and light. To meet 
these ends, well-built, well-drained and healthy residential 
quarters or lodcflnq houses are constructed. 

A. Residential Quarters. — The following points should 
be attended to in the construction of a residential flat : — 

1. The building, the drainage, and the water-supx)ly 
should conform to the Municipal Act. 

2. The staircase, flats and pantry should be well-lighted 
and aired. 

3. The Avater-closet for each flat should be either in a 
detached portion of the building, or if properly flushed, may 
be attached to the building, but at least two sides should 
be open to the outside air. The number should be in the 
proportion of one for six persons. 

4 . There should be abundance of water-supply and 
proper arrangements for eflicient drainage. 

5. Each block or flat should be complete with separate 
Avater-closets, baths, kitchen, etc. 

6. There should be sufficient open space for each block 
or flat. 

7. The kitchen should also be detached, to prevent 
smoke from entering into the residential quarters, and con- 
nected with the main building by a covered passage. 

8. The servants' quarters should be either on the top 
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floor with a separate staircase or away from the house but 
within the compound. 

B. Lodging House. — By a “lodging house’’ is meant a 
house where persons are received for short periods (usually 
for the night), and although strangers to one another, are 
allowed to inhabit a common sleeping room. Such lodging 
houses exist in different pilgrim centers of India where 
people stay for a short time only. All lodging houses 
should be registered and periodically inspected. 

The cubic space ]>er head in a lodging house should 
not be less than 300 feet. The number of persons to be 
accommodated in the house and in each sleeping room should 
be fixed according to the size of the rooms and the facilities 
for ventilation. The number of privies should be propor- 
tionate to the number of people for which the house is to be 
registered. The receptacles for refuse should be in ])roper 
situation, of proper construction and adapted to any scav- 
enging arrangement that may be in force in the place. 
There should be arrangement for the supply of good water, 
and if the water is stored in receptacles, they should be con- 
veniently placed and well protected to prevent any fouling. 

Bustkes and Huts 

Bustee means an area containing land occupied by, or 
for the purposes of, any collection of huts. 

Bustee land means land in a bustee which is let out for 
the building of huts under an arrangement by which the 
tenant of the land is the owner of the hut. 

Hut means any building no material portion of which 
above the plinth level is constructed of masonry. 

The floors of huts are commonly of earth without any 
damp-proof course or bed of concrete and consequently are 
very damp. The floor may also be made either with split 
bamboos or with jarool planks. The plinth should be raised 
at least 2 ft. or 3 ft. above the level of the centre of the 
road. This will keep the floors dry. 

The walls are either of mud, unburnt bricks, bamboo 
matting plastered over with mud, or corrugated iron or tin. 
The roofs are made either of thatch, paddy straw, ooloo (frass^ 
palm-leaves, country tiles (khaprels), or corrugated iron. 

These huts are very unhealthy and efforts should be made 
to improve them. They should have an open space or court- 
yard to which each room should open. Each hut should be 
a detached structure and built in a continuous line with 
proper arrangements for light and ventilation. They should 
be of uniform height and not made higher than IG ft. 

In the construction of huts the following points should be 
attended to : — 

(a) All huts should be build in a continuous line and 
should follow the rules prescribed by the Municipality. 
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(h) Mud floors should be dug up aud removed every few 
months ; a layer of fresh mud must belaid again. It is better 
to have cement floors. 



Fig. 30 .— a Hltstee in Calcutta. 

Note the accumulation of refuse and irregularity of the huts. 

(r) Each room should have at least two windows 2 ft. 
square, opposite each other ; in the case of one window it 
should be 3 ft. square. 

(d) Mud walls should be periodically white-washed. 

(e) Dirty water and waste food and garbage should not 
be thrown in the vicinity. 

(f) The windows and doors should be left open morning 
and evening for free ventilation. 

iff) Every hut should have a properly constructed latrine 
which should be located outside the main hut, preferably in 
the back yard. It should be easily accessible from behind 
for proper scavenging. 

(//) The latrine should have an impermeable floor and 
must be cleaned daily. The doors and windows must be 
large enough to allow plenty of fresh air and light. 

In this country one of the great difliculties in the way of 
civic improvement is the irregularity with which the huts 
are erected in hustees without any provision for proper venti- 
lation, scavenging and efficient drainage. The evils attendant 
upon overcrowding and the aggregation of a large mumber 
of people in these insanitary hustees or slums who live in 
dark, ill-ventilated and damp places are that water-borne 
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and other infectious diseases flourish amongst them. Diseases 
like cholera, tyi)hoid fever, small-pox and tuberculosis are 
common ; and since these people work in houses of better- 
class people in various capacities, they carry infection to 
distant places. Slums are, therefore, a menace to public 
health and no amount of sanitary measures will be of any 
value unless and until the slums are cleared and the housing 
of the poor is improved. Figure 80 shows a group of huts,. 



Fig. 31.— a Grouc of Huts jn Calcutta. 

Note the small windows for ventilation. 

the insanitary condition of which is obvious. The roads 
should, as far as })ossible, run in x>arallel lines and the cross 
roads should intersect others at right angles. The huts 
should be 6 ft. apart from wall to wall and 8 ft. from eave 
to eave ; and between each row there should be a passage 
of 9 ft., while the main road should be 1(> ft. wide with 
side surface drains. Dustbins should be x)laced at a con- 
venient distance, and latrine arrangements made according 
to the demand of the population. 

Bakehouses 

In India it is rather excei)tional to Jind a bakehouse built 
on sanitary principles. The law relating to them being very 
defective, any room or hut may be converted into a bake- 
house. A very common defect is that the floors are not 
made impervious so that they are productive of serious 
nuisance as they do not admit of prox)er cleaning. It is best 
to have the floors jmved or cemented. 

It is not only necessary that the process of ba king should 
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be carried out with absolute cleanliness, but disease produ- 
cing germs should not be introduced through infected water, 
dirty hands, utensils, etc. Before a license is given the 
following conditions must be enforced in every bakehouse : — 
(1) The place must be thoroughly washed at least once 
a day, and no filth or refuse should be allowed to accu- 
mulate ; (2) the walls, ceiling, etc., should be lime-washed 
twice a year, and no part of the room should be used for 
sleeping purposes ; (8) the room should be well-lighted, and 
efficiently ventilated, and proper arrangement should be 
made for the escape of smoke ; (4) every one engaged in 
bakeries should wear clean overalls, and no one allowed to 
spit in the premises except in proper receptacles provided 
for the purpose ; (5) the table should be clean, impervious 
and without any cracks ; (6) flour not for immediate use 
should be stored in bags and kept above the ground on some 
benches ; (7) domestic animals should not be allowed in the 
bakehouse ; (8) bread and other products should be kept in 
covered receptacles, and not exy)osed to dust and flies ; (9) 
persons suffering from any open sore or other loathsome 
disease should not be allowed to work in the bakehouse ; and 
(lO) no water-closet, sewer or privy should communicate 
directly with the interior of the bakehouse. 

Cow-sheds and Stables 

The sanitary condition of cow-sheds and stables in India 
is very unsatisfactory. Some are nothing but a thatched 
roof built against the wall of the main building or court- 
yard, Sometimes the cattle is simply kept in one of the 
rooms of the dwelling itself. The main sources of nuisance 
in cow-sheds are similar to those of horses, but as cows are 
intended for the supply of milk which is universally used, 
and since protection of milk from infection is an important 
consideration, every effort should be made to see that the 
Avater-supply is pure, milk cans and animals are kept clean, 
the attendants are clean, and any person suffering from 
any infectious or contagious disease is not allowed to 
reside or work on the premises. Cow-sheds should be built 
on a dry ground if available, and must be a separate struc- 
ture, at least 20 feet from any building and 30 feet from any 
source of water-supply. The floor should be 6 in. above the 
ground and made impervious with cement concrete, patent 
stone, large stone blocks well jointed, or burnt bricks grout- 
ed in cement. The stall should be level, and have a slope of 
3 in., so that cleansing and swilling can be done easily. The 
roof should preferably be sloping at an angle of 45°, a space 
being left between the side walls and the roof in the form of 
a ridge for proper ventilation. The walls should be low and 
made either with brick or corrugated iron sheet. All cow- 
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Whenever possible there should be a constant supply of 
water. Draw oft* taps should be provided in the shed for 
animals and arrangement made for attachment of hose pipe 
for cleansing purposes. If the supply is intermittent the 
water should be collected in masonry or galvanised iron 
tanks with a proper cover and overflow pipes and placed 
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on a raised platform. The requirement for each animal 
should be 12 gals, per day. 

Each cow must have a clear space of 8 ft. x 4 ft. and a 
minimum air space of 800 cubic ft.; each horse 9 ft. x 5 ft. 
and each buffalo 8 ft. x 5 ft. 

When the number of cows stabled is less, a single range 
stall Avill suflice provided the space for each cow is not less. 
A feeding passage 4 ft. wide at the animal’s head and a 
milking and dunging passage 4 ft. 6 in. at the rear should 
be provided in every cow-shed. For more than twenty cows 
a double range stall is desirable. 

Dairies.— Since milk has the remarkable power of absorb- 
ing gases and so of deteriorating in quality within a very 
short time, no milk store or milk shop should be used as a 
sleeping apartment or for any other purpose likely to con- 
taminate it. Proper provision should, therefore, be made for 
the protection of milk against infection. No dairy should 
communicate with privies or drains, and all milk cans should 
be steamed or scalded immediately after use. The common 
custom of carrying milk in open vessels with a handful of 
straw to prevent splashing cannot be too strongly conde- 
mned. Milk should be carried about in air-tight vessels. 
All dairies should be properly lighted and ventilated, and 
provision made for their cleansing, drainage and water- 
supply. 

Eatix(I Hoiisks and Tea Hiiors 

These are quite common nowadays, specially in places 
like Calcutta and other large cities, and since they play an 
important part in the economic life of the people, particular 
attention should be paid to them by the sanitary authorities. 
They require to be guided by certain regulations, and should 
be periodically inspected by the municipal authorities or 
other local bodies. The eating houses are run by all classes 
of people, but those catering for the poor are in a very 
deplorable condition, as no attention is paid to the quality 
of food, general cleanliness, water-supply and disposal of 
.refuse. The premises selected for the purpose should be 
dry, well-lighted and ventilated, the cooking being done in 
a separate room detached from the main building having 
proper arrangement for the outlet of smoke. The floor 
should be of patent stone or cement so that it can be pro- 
perly cleaned. There must be an ample supply of good 
water and all utensils used both for cooking and eating 
purposes should be properly cleaned and immersed in 
2 p.c. hypochlorite solution followed by rinsing in clear 
water or better still steamed. All food should be kept 
covered to prevent contamination by dust and flies, and the 
use of proper cupboards, meat-safes and doolies enforced. 
Tables should be properly cleaned and it would be better 
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to have these marble topped. Arrangements should he 
made for tlie reception of garbage, whicli should be emptied 
into the public dust-bin or otherwise suitably disposed of. 
Too often waste food, vegetable particles, ashes and other 
refuse are collected in a heap in the courtyard or in some 
corner. Any one suffering from infectious disease, open sore 
or leprosy wshould not be allowed in the premises. Persons 
handling food or the cook should not be carrier of any water- 
borne disease like cholera or typhoid fever. 

CAIA^VTVX MMNKffPAh A(ri\ 1928 

Rl'LKS ON HniiDlNC} SITES AND lUJILDINi; WORKS 

SOIIKDCLE X\'I[ 

1. No piect* of land shall be used as a site for the erection of a 

'building . . , • . . 

(1) if the building is to abut on a street, unless the site is ot 
such a shape that the face of the building can be nnule parallel to 
the line of tlie street, or as nearly parallel to the said line as the 
Oorporation may consider practicable, 

(2) if the site is within thirty feet of a tank, unless the owner 
satisties the (>or[)oration that he will take such order as will prevent 
any risk of the domestic drainage of the building passing into the 
tank ; and 

(8) if the site is a tilled-up tank, or has been tilled up with 
or used for depositing rubbish, offensive matter or sewage, unless 
the site was so filled up and unless the Oorporation has examined 
the site and granted a certiticate to the effect that it is, from a 
sanitary point of view, fit to be built upon. 

Buildings Generally 

1. The door or lowest door of every building erected or re- 
erected from the ground-level must be constructed at such level 
as will admit of— 

(a) the construction of a drain sufficient for the effectual drain- 
age of the building and placed at such level as will admit 
of the drainage being led into some municipal soAver at 
the time existing or projected, and 

{b) the provision of the reipiisite communication wdth some 
sower into which the drainage may lawfully be discharg- 
ed, at a point in the upper half of such sewer, or with 
some other means of drainage into which the drainage 
may lawfully be discharged. 

(k No new public building or new building which is or is likely 
to be used as a dwelling place or a kitchen or as a place in which any 
person is, or is intended to be, employed in any manufacture, trade 
or business shall bo erected within six feet of any service privy or 
service urinal. . , . , ^ 

8. (1) Except with the sanction of the ( orporation, the founda- 
tion of a masonry building shall rest on solid ground, 

(2) Except with the sanction of the Corporation, the spread 
of the foundation shall be such that the pressure on the soil, taking 
into account the load on the floors and terrace roof (if any) shall 
not bo greater than one ton on the square foot. 

9. The plinth of a masonry building shall be at least 2 ft. above 
dhe level of the centre of the nearest street. 

10. Every wall of a masonry building shall be constructed so 
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as to rest upon proper footinf?s hav^iiif? regular offsets and a horiz >n- 
tal spread on each side of the walL of not less than one-half the 
height of the footings, unless an adjoining wall interferes, in which 
case the footings may he omitted. 

11. Tlie outer walls of a masonry building shall be constructed 
of brick or some other hard and incombustible substance. 

13. (1) Every wall of a masonry building shall have a damp- 
proof course at or above the level of the ground floor. 

(2) Such damp-proof course may consist of sheet lead, asphalt, 
slates laid in cement, vitrified bricks or any other durable material 
impervious to moisture. 

25. Every room in a domestic building which is intended to be 
used as an inhabited room - 

(a) shall be in every part not less than ten feet in height, measured 
from the floor to the underside of the beam on which the roof 
rests ; 

[h) shall have a clear superficial area of not less than eighty 
square feet ; and 

(c) shall be provided, for purpose of ventilation, with doors or 
windows opening directly into the exteinal air, or into a 
verandah, and having an aggregate opening of not less than 
one-fifth of the superficial area of that side or one of those 
sides of the room which faces or face an open space. 

2B. Every room in a domestic building which is intended to be 
used as an inhabited room, and wliich is constructed over a stable, 
cattle-shed, or cow-house, shall be separated from the stable, cattle- 
shed or cow-house by a floor of concrete or other impermeable 
material. 

27. In every domestic building constructed or adapted to bo 
occupied in flats or tenements, the principal common staircase shall 
be adequately lighted and ventilated upon every storey. 

28. The ground floor of every domestic building shall be covered 
throughout at the height of the plinth, with some impermeable 
material approved by the (Corporation, unless such floor be supported 
on beams and has a free air-space beneath it. 

29. (1) The minimum superficial area of every court-yard of a 
dwelling-house shall be one-fourth of the aggregate floor-area of 
the rooms and verandahs on the ground floor abutting on the court- 
yard. 

30. {1) There shall be, at the back of every domestic building 
an open space extending along the entire width of the building and 
forming part of the site thereof. 


Huts 

fifi. Huts in a busies must be built in continuous lines, in accor- 
dance with an alignment to be prescribed by the Corporation and 
demarcated on the ground. 

67. When an alignment has been prescribed as above does not 
correspond with the alignment of a street in the bustee, a passage 
of at least twelve feet, measured from oave to oave, must be left 
between the rows of huts abutting on such prescribed alignment. 

71. There must be between all huts abutting on a street in a 
bustee a space of at least three feet measured from eave to eave. 

72. Except with the sanction of the (^rporation, no hut shall 
be placed at a greater distance than one hundred feet from the 
nearest part of a metalled and sewered street. 

73. No portion of a hut shall be placed within six feet of a 
masonry building. 

74. No hut used for human habitation shall be placed within six 
feet of a cow-house, cattle-shed or stable. 

76. No hut shall comprise more than two stories or shall exceed 
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eighteen feet in height, measured from the top of the plinth to the 
junction of the eaves and wall. 

77. The floor level of a hut must be raised at least two feet 
above the level of the centre of the nearest street or passage and the 
floor shall be paved with brick-on-edge, cement concrete or some 
similar material approved by the Corporation. 

78. (1) The Avhole of at least one side of every room in a hut 
shall either be an external wall or abut on an open court-yard or 
on an open verandah. 

(2) Kvery room in a hut, which is intended to be used as an in- 
habited room, shall— 

(a) l>e provided with a doorway of not less than fifteen square 
feet in area ; 

(&) be provided with a window or windoAvs opening directly 
into the external air or into an open verandah, and having 
an opening of not less than one-fifteenth of tlie floor area 
of the room ; 

(c) have a siqieriicial area of not less than eighty square feet ; 

(d) have a heiglit of not less than eight feet measured from 
the floor-level to the junction of the walls Aviththe roof. 
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CHAPTBE VI 

FOOD 

A FOOD is any substance consumed by man other than 
drugs and water. Usually by food is meant a substance 
which, when taken into the body, is able either to build up 
or repair tissues, or to supply material for the production of 
heat or muscular work. A true food must, therefore, be 
either a tissue builder or a source of potential energy. 

Certain articles, e.g., condiments, though strictly speak- 
ing they cannot be classed as food, are used as accessories 
and help in the assimilation of food. Considering the part 
it plays in the assimilation, salt may also be classed as an 
important food. 

Classification of Foods 

Foods are variously classilied, depending upon their 
source, into those obtained from the organic kingdom, and 
those derived from the inorganic kingdom. The former class 
embraces proteins, fats, carbohydrates and organic acids ; 
while the latter includes mineral salts and water. All these 
substances are obtained in varying amounts from the animal 
and vegetable kingdoms. Sometimes foods are classilied as 
nitrogenous and non-nitrogenous according to the presence 
or absence of nitrogen. 

Strictly speaking, condiments, tea, coffee, etc., are acces- 
sories to food. These and the various spices excite the 
digestive juices and produce a desire for food. 

The principal food substances necessary for the main- 
tenance of health are proteins, fats, carbohydrates, salts, 
water and vitamins. All these substances are present in 
the animal tissues, and it is, therefore, necessary that these 
substances should be present in the foods. Milk contains 
all the above proximate principles of diet and is an example 
of perfect food for growing children. 

Proteins.— These are complex bodies colloid in charac- 
ter excepting in certain leguminous plants where they are 
crystalline. They are found both in the animal and vegetable 
food and are most essential for the maintenance of animal 
life. They are also known as nitrogenous or flesh forming 
substances and are composed of 

Nitrogen . . 16 per cent. Hydrogen 7 per cent. 

Carbon ..64 „ Sulphur..! ,, 

Oxygen . . 22 „ 

The value of proteins depends on their amino-acid contents. 
Milk and meat proteins contain all the amino-acids which 
enter into synthesis of the protein of the body cells. These 
are sometimes called superior proteins as opposed to inferior 
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proteins of corn, wheat and beans. Vegetable protein can- 
not entirely replace animal protein as some of the amino- 
acids, viz. lysin, cystin, tryptophane and tyrosin, essential 
for nutrition, are lacking. These are, therefore, called ‘‘pro- 
teins of poor biological vahie.^^ As compared to 97 p.c. of 
animal protein only 85 p.c. of vegetable protein is absorb- 
ed. The primary sources of proteins are from the flesh of 
animals, eggs, milk and certain seeds and fruits of plants, 
especially of the leguminous order. 

The functions of the proteins are : — 

(1) They provide material for growth and the wear and 
tear of tissue. 

(2) They provide energy. 

(3) They stimulate metabolism — specilic dynamic action. 

(4) They (about 60 p.c.) can be transformed into carbohy- 
drates which under certain conditions may be synthetised 
to fat. 

Fats or Hydrocarbons.— These are compounds of fatty 
acids, e.cf. palmitic, stearic, etc., with glycerin. They are 
composed of carbon, hydrogen and oxygen, in which the 
amount of oxygen is insufficient to combine with hydrogen 
to form water. 

One of the great purposes served by fat in the food is to 
diminish albuminous metabolism, and, therefore, it is called 
“albumin sparing food.^' If flesh alone be given, large quan- 
tities are required in order that nutrition and waste may 
balance each other, but if fat be added the demand for flesh 
is diminished. Fats, however, have an important relation 
in the body to the production of force and heat, and also to 
bodily work and bodily temperature. They yield about 2| 
times as much energy as an equal amount of carbohydrate. 
Unlike proteins the metabolism of fat is independent of the 
amount of food taken, but is affected by bodily exercise which 
produces little effect on nitrogenous metabolism. In tem- 
perate climates an excess of fat is usual in the diet of those 
who do hard work, where the fat is more or less directly 
utilised as a source of energy. Fats are great heat producers, 
hence the desire for fats under arctic conditions. But when 
there is excess of fat in the diet of sedentary persons, part 
of it is unabsorbed and passes out with the feces, but a large 
amount is stored up in the body. Closely related to fats are 
the lipoids which are present in the animal tissues in the 
form of lecithin and phosphetides. The former occurs in 
large amounts in nervous tissues and is found in the yolk of 
eggs. Cholesterol, though a monohydric alcohol, is ranked 
with lipoids and is present in all cells and nervous tissues. 
Its function in the body is not clearly understood. 

Carbohydrates.— These are compounds of carbon, hydro- 
gen and oxygen, in which the oxygen is present in the 
proportion required to form water with the hydrogen. During 
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digestion, starch, cane sugar, dextrose, and milk sugar are 
transformed into grape sugar or glucose before they are 
absorbed, and in this form they are more easily digested 
than the fats or proteins. The excess of sugar is stored up 
in the liver and muscles as glycogen. The glycogen of the 
muscles disappears in proportion to the work done, and 
prolonged muscular work especially during starvation may 
wipe out the entire store of glycogen in the body. The 
oxidation of sugar therefore furnishes energy which by the 
machinery of muscles is utilised to do work. This oxidation 
plays an important part in the supply of heat needed by the 
body. Each gram of sugar yields 41 Calories of heat, and 
since carbohydrates form the major portion of our diet and 
arc easily oxidised, they are an important factor in the 
maintenance of body heat. 

The carbohydrates, therefore, play the same role as fats 
in food, being sources of heat and energy, and are more easily 
taken up into the system than any other class of food. They 
are also a source of fat, but in ordinary diets they are 
utilised immediately as sources of energy. 

Vegetable Acids. — Although these are not, strictly speak- 
ing, foods, they are necessary for the preservation of health; 
the chief ones being tartaric, citric, oxalic and malic acids. 
Vegetable acids are mostly derived from fresh fruits and 
vegetables, and by forming carbonates in the system pre- 
serve the alkalinity of the blood and other Iluids. By oxida- 
tion they help the body to maintain a certain amount of 
heat and energy. 

Mineral Salts. — Mineral salts are essential for the main- 
tenance of the body ; they form part of every cell and main- 
tain the normal osmotic pressure in the fluids and tissues of 
the body and play an important part in the regulation of 
the acid alkali balance. In the human body there are at 
least flfteen different mineral elements and each has its own 
special part to play, and about one-twentieth of the body 
weight consists of mineral matters. Since the inorganic salts 
are lost from the body via the skin, kidneys and the fjeces, 
these require to be replaced. The chief mineral elements in 
the body are calcium, sodium, potassium, iron, magnesium, 
manganese, phosphorus, sulphur, iodine, silicon and fluorine. 
Of these calcium, potassium, sodium, iron, manganese, copper 
and magnesium exist in the body in large quantities and are 
the most important, and are the alkali forming elements. 
Phosphorus, sulphur and chlorine are the acid forming ele- 
ments. The normal blood has a pH range of from 7.3 to 7.5 
and life is incompatible when the pH of blood is below 7.0 or 
above 7.8. The maintenance of the pH at its normal level 
in the blood and tissues is very important and is regulated 
by the carbonates and the alkaline phosphates which form 
the alkaline reserve, while the carbonic acid and the 
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phosphates and the proteins, the acid reserve. These act as 
“buffers” and tend to neutralise any attempt to change the 
actual reaction. Of the salts, sodium chloride or common 
salt occurs in all the tissues and fluids of the body. It 
helps the formation of hydrochloric acid of gastric juice and 
bile salts, and is absolutely necessary for existence. In animal 
experiments it has been found that a complete salt- free diet 
produces death more rapidly than starvation. In man a 
salt-poor diet reduces the excretion of salt by the kidneys 
to the level of salt intake, consequently there is little danger 
of chloride depletion. Under certain conditions, however, 
a salt-free diet is used in therapeutics. A large jmrt of it 
is taken in meat, bread, etc. Every cell in the body contains 
phosphorus, therefore it is essential for the multiplication 
of cells and the growth of the body. The phosphates of 
sodium and potassium are important salts and regulate the 
reaction of body fluids and tissues, control the osmotic 
pressure and consequently the interchange of fluids. Sodium 
carbonate and bicarbonate are also found in the plasma. 
They are taken in small quantities with the food and are 
partly formed in the body by the decomposition of the salts 
of the vegetable acids. They carry CO 2 from the tissues to 
the lungs. 

Calcium plays a most important role in connection with 
the irritability of muscle and nerve. It is necessary for 
clotting of blood and for maintaining the rhythmic action of 
the heart. Calcium phosphate is essential for tlie develop- 
ment of bones and is very important for the young. Cal- 
cium metabolism is intimately related to Vitamin D, para- 
thyroid and also on the reaction of the blood ; acidosis 
helps retention of ionised calcium, Avhile alkalosis produces 
tetany. The best source of lime salts is milk, and next to 
milk, eggs. Kice is also an important source of calcium, so are 
fruits and green vegetables. The minimum requirement of 
calcium in the body is 0.45 gm., and a diet should furnish at 
least 1 grm. of calcium oxide (which is equivalent to 0.67 gm. 
of calcium) daily. It is required in much greater amount by 
children and during pregnancy. Rut most of the calcium 
of food is lost during cooking, c.f/., milk when boiled loses 
much of its calcium, and the scum takes up and retains the 
calcium phosphate. 

Iron is an essential element of haemoglobin, and there- 
fore of the red blood cells. It is also found in the muscles 
and in other tissues in minute quantities where it plays 
an important part in the oxidation and catalysis of enzymes. 
An adult man contains about 3.0 to 3.5 grins, of iron, of 
which 2.4 to 2.7 grms. exist in the form of haemoglobin. 
About 20 mgrms. are excreted daily, and this loss is re- 
placed by the iron of the food, and a minimum of 6 to 12 
mgrm. is required to maintain this equilibrium. Foods 
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containing iron are liver, red meat, eggs, pulses, whole 
cereal grains, onions, lettuce, etc. 

Iodine is found in the thyroid gland in the form of 
thyroxin which regulates metabolism. It occurs in the sea, 
and sea fish and cod-liver oil are rich in iodine. It is said 
that simple goitre is due to lack of iodine in the water 
and soil of goitrous regions. Ordinarily green vegetables 
and fruits contain enough iodine for the needs of the body. 
The minimum amount of iodine required by an adult male 
is about 45-millionths of a gramme, and by a child about 
150th millionths. 

All these mineral substances are introduced into the body 
as constituent parts of the various ordinary articles of 
human food, animal or vegetable, with the exception of 
common salt, which is usually added to various foods in 
greater or smaller amount in addition to what they may 
themselves contain. 

Vitamins. — Observations made by Funk and others show 
that in addition to the difierent proximate principles, there 
are certain accessory materials that are necessary either 
because they play an important role in the, synthesis of the 
body, or influence in some indirect way the normal direction 
and character of the metabolism. It has been shown that 
polyneuritis is produced in fowls by a diet exclusively of 
polished rice, /.e., rice from which the outer layers of the 
grains have been removed. If, however, the polishings are 
restored to the diet, the condition disappears. It is believed 
that the polishings contain some material essential to the 
body metabolism. They are. as a rule, present in raw foods 
and are deficient in cooked foods. Certain foods manage to 
retain their vitamin to some extent even after cooking. 

These accessory substances are essential to normal 
growth and health. The part they play in the metabolism 
is not clearly understood, and since very minute quantities 
are required for the maintenance of health, it has been sug- 
gested that they stimulate the production of hormones and 
are not directly concerned in the nutrition of body cells or 
the general growth of the organism. 

Vitamins exist in the foods in very minute quantities, and 
a vitamin free diet gives rise to certain diseases, generally 
known as deficiency diseases, and may even cause death. 
Pickets, pellagra, scurvy, beri-beri, xerophthalmia or kera- 
tomalacia, osteomalacia, are some of the diseases caused by 
the lack of vitamins in the food. Green vegetables and 
fruits are rich in vitamins, and both man and animals obtain 
their vitamins from these sources. Vitamins are produced 
only in plants from which they pass directly with vegetable 
foods, and indirectly with animal foods, into the system. 

Drummond has shown that the whole fat-soluble vitamins 
are contained in the 1 p.c. of the non-saponiliable matter in 
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cod-liver oil. Half of this active residue is cholesterol and 
is inactive. Fractional distillation of the remainder under 
low pressure shows that the whole of the active portion is 
contained in the fraction boiling between 180® to 200® C. 
This active fraction consists very largely of an unsaturated 
alcohol, and contains only the elements carbon, hydrogen 
and oxygen. 

Vitamins have been classified into : — 

(a) Growth Promoting Vitamin or Vitamin A. 

(h) Antineuritic Vitamin or Vitamin Bi. 

(c) Antiscorbutic Vitamin or Vitamin C, 

(d) Antirachitic Vitamin or Vitamin D. 

(e) Anti-sterility Vitamin or Vitamin E. 

if) Pellagra Preventive Vitamin or Vitamin B 2 or G. 
(g) Anti-coagulation Vitamin or Vitamin K. 

(a) Growth Promoting Vitamin or Vitamin A. — This 
fat-soluble vitamin acts on all cells of the body and its 
deficiency retards growth and lowers resistance, either local 
or general, to bacterial infection, causes xerophthalmia or 
inflammation of the eye, and night blindness, and increases 
susceptibility to various lung, skin and other infections. 
Its absence also causes paralysis of various types from 
demyelination of the spinal cord ; and Mellanby has sug- 
gested tliat the paralysis associated with famine, e.g. con- 
vulsive ergotism, may be the result of the absence of this 
vitamin, Mellanby has further shewn that its deficiency 
causes pyorrluea alveolaris in dogs. It has however been 
shown recently that the deficiency of this vitamin does 
not appreciably lower the incidence of common colds and 
related catarrhal ' conditions, nor does it modify in any 
apparent manner the outcome or the course of pneumonia , 
and there is reason to doubt whether it lessens the risk of 
sepsis and other complications in child-birth.* Any effect 
which may follow its use is possibly indirect due to general 
improvement of health and vigour. Its relation to the 
formation of urinary calculi was studied by McCarrison 
who observed that a deficiency of this vitamin and of phos- 
phates in the diet together with the presence of an excess 
of calcium and some unknown toxic substances found in 
certain cereals encouraged the formation of stone so common 
in certain parts of India. 

Vitamin A is present in abundance in the yellow pigment 
of plants, and this led to the study of these carotinised 
pigments in relation to the activity of this vitamin. It has 
also been found that there is a relationship between the 
green coloration of various food products and their vitamin 
A potency. The pigment is now known as Carotene (C40H56) 
and has been isolated in the pure form. Carotene however 

♦Drummond, Journal of State Medicine, Jan, 19S4 
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differs from this vitamin in certain important respects. For 
instance, vitamin A is colourless and carotene is exceedingly 
active, a daily dose of 0.003 mg. being sufficient to prevent 
symptoms of avitaminosis in rats. It is a hydrocarbon and 
occurs in three forms, alpha, beta and gamma carotene, and 
cryptoxanthine, a closely related pigment found in yellow 
maize and which is responsible for vitamin A activity. It is 
of interest to note that cod-liv^er oil though rich in this 
vitamin contains none of this pigment. Pure carotene has been 
adopted as the standard of vitamin A activity ; 0.001 mg. 
being designated as a vitamin A unit. The amount is 
estimated by the colour reaction with antimony trichloride. 

The main sources of this vitamin are (a) certain fats of 
animal or vegetable origin, and (b) chlorophyll in green 
vegetables. It is preserved in these vegetables even when 
dried. It is found in abundance in cream, butter, beef- fat, 
cod-liver oil, halibut liver oil and other lish oils, mammalian 
liver and yolk of eggs. Milk does not lose this vitamin by 
boiling or pasteurising, but when evaporated by vacuum or 
aeration methods it is destroyed. Vegetable oils contain 
very little vitamin A. 

(b) Yiiamin B complex . — Vitamin B is water-soluble 
and is considered to contain six separate entities of which 
the important ones are antineuritic vitamin (Bi or F) and 
pellagra preventive vitamin (B 2 orG). Vitamin Bi has been 
isolated in a crystalline form from rice polishings, yeast, 
wheat embryo and other suitable materials. And it is pos- 
sible to produce laboratory prepared vitamin having for its 
activity identical with that of the natural product. The 
formula is C 12 H 16 N 4 OS. For standardization, 10 mg. of a 
concentrate prepared from rice polishings have been de- 
signated as one international unit. 

Partial deficiency of this vitamin leads to malnutrition 
and production of intestinal stasis resulting in the retention 
in the bowels of the putrid food residue and absorption of 
the products of putrefaction. The absence of vitamin Bi or 
F causes beri-beriin man and analogous disease in animals. 
This assertion has of late been challenged by Drummond 
and Woolard* who hold that the symptoms of polyneutritis 
are really due not to the absence of vitamin Bi but to partial 
starvation as a result of loss of appetite which is characteris- 
tic of the absence of this vitamin. They further hold that the 
degeneration observed in nerves in polyneuritis is in all 
probability due to faulty histological technique. Vitamin 
Bi is found to some extent in all natural food-stuffs, 
specially in the germ and outer layers of cereals and 
legumes, in yeast and nuts. It is also present in tomatoes, 
oranges, green leaves, fish, meat, eggs and milk. It is absent 

* Journal of State Medicine^ Jan, 1934 , 
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in white bread but is present in whole-meal bread. Marmite 
is a valuable source of vitamin Bi and is extensively used 
in the treatment of pernicious anfcmia. But since dried 
yeast, or watery extract of yeast, is therapeutically inactive 
as a source of extrinsic factor, but aiitolysed yeast products 
are active, it has been suggested that the anti-anieinic 
factor is manufactured during the process of autolysis 
which possibly is a protein breakdown product of the nature 
of a j)olypoptide. It is ])robable that the large proportion 
of chronic disorders of the alimentary tract can be attribu- 
ted to the deticiency of vitamin Bi in diet. The question of 
quantitative relation between the amount of vitamin B 
and the amount of protein, fat and carbohydrate in the diet 
received a good deal of attention. It has been pointed out 
that to promote normal growth the ratio of protein to vitamin 
B should be kept constant at about 5 of protein to 1. 

The antineuritic vitamin is slightly alfected by high 
temperatures. It is, however, less stable than vitamin A, 
although it withstands boiling for a short time and is des- 
troyed only slowly in acid or neutral solution even when 
subjected to a high temperature. At 100® C., which is com- 
parable with ordinary cooking process, the antineuritic ])ro- 
perty of wheat germs is slightly diminivShed. and at 120® (J., 
which is attained during the sterilisation of human food, as 
in canning, destruction is much more rapid. 

(c) Antiscorbutic Vitamin or Vitamin C. — Deticiency of 
vitamin 0 leads to malnutrition with loss of weight and even- 
tually symptoms of scurvy. It has also been claimed that 
its absence produces dental caries, aiuTmia, anorexia and 
various forms of infection. This vitamin is Avater-soluble and 
has been isolated in a crystalline form which has been named 
hexuronic acid or ascorbic acid, originally found in the cortex 
of suprarenal gland. Bure ascorbic acid may be used in doses 
I to I gr. daily as a prophylactic; or Tg to I gr. daily 
therapeutic, i.e. 2000 to «1000 Units. Its richest sources are 
cabbages, turnips, lemons, oranges and tomatoes. Milk and 
meat possess a definite but low antiscorbutic value. The 
antiscorbutic vitamin differs from the antineuritic one in its 
distribution and properties, as well as in the nature of its 
influence on nutrition. It is less wide-spread and is more 
sensitive to heat and drying than the antincurtic one. 
Tinned foods which have been raised to a temperature of 
120® 0. lose their antiscorbutic properties. It has also been 
shown that although dried pulses contain no antiscorbutic 
principles while still dry, the antiscorbutic elements develop 
in 48 hours if they are moistened, kept warm and allowed 
to germinate. All dry foodstuffs aredefleient in antiscorbu- 
tic vitamin. The tissues of fresh vegetables dried at a 
low temperature, or their expressed juices preserved in the 
cold rapidly lose their antiscorbutic property. 
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(f/) Antirachitic Vitamin or Vitamin 1) (Calciferol). — 
McCollum lias pointed out that this vitamin, which was con- 
sidered the same as fat-soluble A factor, is a separate entity. 
It can be produced by the exposure of ergosterol to ultra- 
violet light and is now obtainable in pure form as colourless, 
acicular crystals, which has been named calciferol with the 
formula C27H42O. Webster and Eosenheim have pointed 
out that ercfosterol, a highly unsaturated sterol, is the direct 
precurser of vitamin D, and that this substance is trans- 
formed into vitamin D when the skin is exposed to direct 
sunlight. Moreover Steenbock and Drummond have shown 
that substances which were previously inert become activa- 
ted and possess antirachitic virtue when exposed to ultra- 
violet rays. Similarly other oils like olive oil, cottonseed 
oil have also been subjected to irradiation. It should, 
however, be noted that calciferol has been isolated from 
irradiated ergosterol and, so far as is known, has not been 
obtained from any natural sources, like lish oils. It is not 
possible to fix the relationship of synthetic calciferol to the 
naturally occurring vitamin D. Vitamin D is more resistant 
to heat and oxidation than vitamin A. Deficiency of this 
vitamin retards absorption of calcium from the intestine and 
thus causes rickets. It corrects improper balance in the 
calcium and phosphorus intake, and the greater the dis- 
proportion or defect in these elements, the more important 
is the role of this vitamin in the prevention of rickets. 
Even when the calcium phosphorus balance is good and the 
supply adequate, its absence will result in the production of 
imperfectly calcified bones and teeth which are rectified by 
the supply of this vitamin. 

Cod-liver oil and halibut-liver oil contain vitamin I) in 
very large amounts. Butter fat has a much greater effect 
on xerophthalmia than cod-liver oil, whilst the antirachitic 
power of cod-liver oil is far superior to butter fat. The 
antirachitic property of cow’s milk can be increased by 
exposing the cow to sunlight, but the growth promoting 
property remains the same. 

(e) Anti- sterility Vitamin or Vitamin jE*.— Evans has 
shown that there is a third fat-soluble factor necessary for 
reproduction. It is almost insoluble in water, is stable to 
heat, light and air, and is resistant to acids and alkalies 
at normal temperatures. Its absence in the food causes 
death of the products of conception. Although these obser- 
vations were made in the female rats, it has recently been 
reported that the administration of wheat germ oil to women 
with history of sterility or repeated abortion caused them to 
conceive and give birth to normal living children.* It is 
present in most animal tissues but not to high degree and 

* British Medical Journal^ April 18, 1936 ; Dec. 8, 1937. 
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is not present in cod-liver oil. Milk fat also contains very 
little of this vitamin. It is found in abundance in the 
embryos of seeds and green leaves, chiefly lettuce, alfalfa, 
peas, oats, corns and wheat germ oil. 

(/') Pellagra Preventive Vitamin, Vitamin B 2 or G. — This 
vitamin is composed of two parts ; flavine, which is responsi- 
ble for the growth promoting properties and another which 
is pellagra preventive, known also as p-p of Goldberger. 
This differs from Bi in being more resistant to heat. Flavine 
is a naturally occurring water-soluble pigment first isolated 
from milk (lactoflavine) though found in many animal and 
plant tissues and products. It has a formula of C 17 H 28 N 4 O 6 . 
It has also been found in eggs, kidneys, and in large quanti- 
ties in meat and liver. Animals deprived of this factor 
shows retardation of growth and a group of symptoms 
resembling pellagra. Although it is generally admitted 
that pellagra in man is due to faulty diet, there are strong 
indications that several factors may jointly operate to 
produce the condition and one of these is vitamin B 2 or G. 
In fact Aykroyd* has pointed out that although rice, millet 
and maize are deficient in vitamin B 2 , human pellagra is 
associated with the consumption of maize only (see pellagra, 
page 184). It is believed that vitamin B 2 is closey related 
to the anti-anaemic factor contained in the liver but this is 
doubtful. 

(g) Anti coagulation Vitamin or Vitamin K. — It has 
been proved recently that a fat-soluble vitamin exists in 
the liver oils, deficiency of which causes prolongation of the 
blood-clotting time in chickens. This is possibly due to a 
reduction of prO-thrombin content in the blood. 

Water.— This is an important article of diet and forms 
64 per cent, of the body weight. The daily loss from the 
system is about 100 oz. Water is necessary to compensate 
for the losses caused by the excretory organs, and for the 
repair of the various fluids and of the solid organs of the 
body into whose constitution it greatly enters. It is also a 
vehicle for the solution and dilution of solid foods whereby 
they are more easily digested and assimilated. The amount 
of water needed by the body depends on various circums- 
tances, especially on bodily temperature and bodily labour. 
The greater the functional activity of the bodily organs, the 
more is the demand for water. The temperature and humidity 
of the air, the nature and amount of solid food taken, also 
increase the necessity for the intake of water. The demand 
for water is indicated by thirst. An insufficient supply leads 
to disturbances of circulation and of the heat regulating 
mechanism, and to retention of products of metabolism. 
Free drinking of water promotes the circulation of fluids, 


^Biochemical Journal, 1930. 
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accelerates albuminous metabolism and increases the ac- 
tivity of the kidneys with free secretion of the urine. 

Quantity of Food Required in HEAi/rn 

The amount of food necessary depends upon various factors 
(see below), but it is generally considered that a man of 
average Aveight and engaged in moderate amount of muscu- 
lar Avork must be supplied Avith food Avhich should contain 
sufficient energy Avith an average 3,000 Calorics, and must 
proAude for the upkeep and repair of the tissues of the body. 
A man doing sedentary occupation for 16 hours and remain- 
ing in bed for 8 hours requires 2,170, and a farmer doing 
active outdoor Avork needs 3,500 large Calories respectively. 
Whereas 1700 Calories are re([uired for the upkeep of the 
basal metabolism of an adult, l.e. the metabolism necessary 
to maintain the essential functions Avhen the person is in a 
state of complete mental and physical rest. It is the 
smallest energy output compatible Avith health. It has been 
found that the basal metabolism of an adult is approximately 
40 calories per hour per square metre of body^ surface. It is 
37 for Avomen, 44 for boys above lifteen, and 50 for boys 
of twelve to thirteen. Mukerji* has pointed out that the 
basal metabolism of Bengali young men was - 13.3 p.c. (Aub 
and Du Bois standard), Avhile Miss Mason found - 18 p.c. in 
South Indian Avomen. 

Standard dietaries are dietaries based upon the results 
yielded by the physiological experiments, but they have a 
very limited application and are useful only in furnishing 
one with some data of the amount and kind of food to be 
gi\^en to a healthy person doing a moderate amount of Avork. 
This is especially important in connection with the manage- 
ment of poor houses, schools, jails, and the like. In the case 
of individuals, however, certain modifying factors, such as 
age, sex, height, build, Avork, etc., have to be considered. 

Age and Sex . — Building material, fuel and muscle food 
are more needed by children than adults, because they have 
got to add to their tissues by growth in addition to keeping 
them in repair. Women require relatively less food than 
men on account of the lighter nature of their Avork, and also 
perhaps from their possessing a slower metabolism. 

Just as children require a large amount of food, so Avith 
the aged the reverse holds good. At this age the power of 
assimilation is on the wane, and bodily activities on the 
decline, and so the diet should be smaller than that of 
middle age. 

Height and Build . — The amount of food required varies 
with the body weight and the extent of the body surface. 

* Indian Journal of Medical Eesearch, Jan. 1931. 
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A heavy man requires more food than a light one. Again^ 
more heat is lost if the body surface is great and conse- 
quently a larger supply of fuel is required. 

Work and Besf,~-ln ordinary life the amount of food 
needed depends more upon the muscular activity than on 
any other factor. It has been shown that a greater perfor- 
mance of bodily labour calls for an additional supply of 
proteins and carbohydrates in the food. On the other 
hand, during complete bodily rest, as during illness, the 
demand for potential energy may fall to 2000 Calories or 
less per day. The work done is measured in foot-pounds or 
kilogrammetres and these can be converted into Calories. 
One Calorie is equal to 420.0 kgm. or 3080 foot-pounds; 
and one kilogrammetre is equal to 7*233 foot-pounds. A 
man working about eight hours a day does work approxi- 
mately about 10,000 kilogrammetres per hour, or about 200 
Calories per day. 

Mental work does not increase bodily waste to any 
appreciable extent; quality and easy digestibility are more 
needed by brain workers than mere quantity. 

Climate.— Owing to the greater loss of heat more food 
will be required in cold climates than in temperate ones, 
and more in temperate climates than in the tropics. In very 
hot weather the appetite is lessened and less food is taken 
and consequently there is some loss of weight. In cold 
climates and in winter the heat-supplying foods, especially 
those rich in fat, should be increased, while under opposite 
conditions there should be more carbohydrates and less 
proteins and fats. 

Tub Eblative Valite of Foods 

The relative value of different foods must be considered 
on chemical and physiological grounds. 

The chemical value of food is estimated by the results of 
percentage analyses. Rut the nutritive value of food cannot 
be judged from its chemical composition alone. While food 
with a small percentage of nutriment cannot be regarded 
as a valuable article of diet, a high chemical value alone 
does not imply suitability to the needs of the body. 

The value of food from a physiological standpoint depends 
upon its digestibility and absorbability. 

Digestibility of food. — This depends on tAvo factors : — 

1. The food must be in a lit state to be digested. 

2. The physical and chemical conditions in the body 
must be appropriate. 

A mixed diet is easily digested. Food accessories like 
condiments, etc., also help digestion. Palatability of food 
is not simply a gratification of the sense of taste and plea- 
sure. An appetising food, or even the idea of it is sufficient 
to make the ^oiith water,* i.e., increases the flow of saliva. 
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aad at the same time produces in the stomach what has been 
termed by Pawlow ‘‘appetite juice/’ Moreover, the increased 
production of saliva in its turn tends to augment the secre- 
tion of gastric juice, which stimulates the duodenal mucous 
membrane and leads to the production of the hormone 
secretin. 

Absorbability of Food.— The absorbability of the food 
in the intestines must be distinguished from digestibility. 
By digestion is meant the production of simpler bodies 
which are presented for absorption, but the actual amount 
of absorption depends upon certain physical factors, e.g. 
osmosis, diffusion, etc. Therefore a food that is easily 
digested is not necessarily that which is completely ab- 
sorbed, and vice versa. Carbohydrates and fats are more 
completely absorbed than proteins, and animal proteins more 
readily absorbed than the vegetable ones. It should be 
noted, however, that part of the food should remain in the 
intestines to act as a “ballast” to stimulate i)eristalsis. 

Time for Taking Food.— A diet with all the proximate 
principles may with advantage be taken three times a day. 
It takes about 4 to 5 hours to digest an average European 
diet, and 7 to 8 hours an average Indian one. But in either 
case this varies with the kind of food taken. During youth, 
when the digestive functions are comparatively active and 
rapid, the intervals should be shorter than during adoles- 
cence. Indians as a rule take two principal meals, the 
breakfast in the day, and the dinner at night. A morning 
meal is always necessary, for so long a fast after the last 
meal at night under the modern conditions of life is rather 
exhausting and injurious ; for the body becomes more sus- 
ceptible to morbid influences, especially to cold and other 
infections. There should be a sufficient interval between 
the last meal and bed time. Eegularity in the time for 
taking food is important. In some cases the desire for food 
occurs with all the regularity of the clock, and if the food is 
not taken at that time the appetite disappears. 

The Fuel value of Food. — The exact changes or the 
complicated metabolic processes that food undergoes in the 
body are not well understood, but the food is transformed into 
simpler molecules accompanied by heat and energy. The 
amount of heat and energy which each food can impart to 
the body if it is completely digested and utilised can be as- 
certained by a calorimeter. A calorie is the amount of heat 
required to raise one gram of water l^C. This unit is desig- 
nated as a small calorie to distinguish it from a large Calorie 
(C), that is, the quantity of heat necessary to raise 1 kgrm. 
of water to 1^0. The large Calorie is equal to 1000 small 
calories. It has been shown that the heat value of 1 grm. of 
protein and 1 grm. of carbohydrate is 4.1 Calories each; 
while that of 1 grm. of fat is 9.3 Calories. Calculating on 
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this, the heat value of a diet consisting of 100 grm. of 
protein, 100 grm. of fat and 500 grm. of carbohydrate would 
be : — 

100 X 4.1 + 100 X 9.3 + 500 x 4.1 = 410 + 930 + 2050 = 3,390 
Calories. 


Cooking of Food 

Cooking answers most valuable purposes in connection 
with food. It increases the palatability of food and enables 
it to be more readily masticated and easily digested. By 
improving the appearance of the food it renders it more 
appetising. A number of vegetable products that would 
be too hard for digestion are rendered softer, and protein 
foods are made more palatable and digestible. Certain 
pathogenic microbes with which the food may be infected 
are killed by this process. 

The digestibility and palatability of vegetable foods 
depend largely on the manner of cooking ; the object being 
to soften and rupture the cellulose fibres and to liberate the 
starch granules. A large proportion of mineral salts 
contained in the vegetable foods being soluble in water is 
lost when they are cooked by boiling. Vegetables contain 
so much water that they can be cooked in their own juices, 
or better by steaming. Potatoes, roots, green vegetables, 
etc., are boiled in a bath of water, and this involves a great 
loss, as the bulk of the valuable mineral salts are drained 
away. Boiling of all operations of cookery is that which 
calls for the most careful judgment, and that method of 
boiling which causes no loss at all is the best, a result only 
attainable by cooking in dry steam. 

There are at the present time many different kinds of 
apparatus for steam cooking, but the parent of them all was 
the cooking pot invented by Captain Warren, and all steam 
cookers are more or less built upon the Warren principle. 
The saving thus effected is proved by the fact that a cooked 
joint of meat with gravy will weigh just the same as the 
raw joint when put into the cooker. 

Cooking, therefore, is almost always an advantage, but 
there are instances where the reverse is the case. Oysters 
contain a digestive ferment sufficient to digest themselves 
but when cooked not only is this ferment destroyed but the 
flesh becomes tougher. 

Methods of Preserving FooDvS 

Both animal and vegetable foods undergo fermentation 
or decomposition after some time from the effects of micro- 
organisms, which may be present in the food or may find 
their way from without. Since these foods give rise to 
symptoms of poisoning and cannot be taken without some 
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harmful effects, preservatien of milk, meat and other perish- 
able foods is often resorted to. The importance of preserv- 
ing foods in such a way as will keep them fresh and whole- 
some, and at the same time retain their nutritive value 
cannot be overestimated. The usual methods are drying, 
salting, smoking, cold, canning, and the use of chemicals 
These methods are based on our knowledge of bacteriology 
and the causes of decomposition. Whatever method is used, 
the chief object is not only the inhibition of the activities 
of the organisms already present, but also prevention of 
contamination by extraneous organisms. 

Heat and Canning . — This is the most common method of 
preserving food. Although boiling kills most organisms, 
boiled articles may be contaminated by outside bacteria. 
In tlie process of canning not only the food material is boiled 
and sterilised, but it is effectively sealed to prevent conta- 
mination from outside. The temperature and duration of 
exposure should be enough to prevent bacterial growth 
without impairing its attractiveness. Of all the preserva- 
tives canning is the best method, and any kind of food may 
be preserved in this way. This is done by heating the can 
to drive out the air and then sealing it ; wlten the can is 
cooled a vacuum is formed. In successful canning the mani- 
pulation of the food prior to sealing of the can should be 
cleanly and expeditious so as to restrict the bacterial popu- 
lation to minimum. After the vacuum is formed the flat 
sides of the can should become concave or pressed tightly 
against the meat. The interior of the can may be plain or 
lacquered which diminishes the action of the acid food upon 
the metal of the container. Canning interferes with the 
antiscorbutic vitamin, but less than occurs in ordinary cook- 
ing, while vitamin A is capable of withstanding any tem- 
perature if the air is sufficiently exhausted. Vitamins Bi, B2, 
D and E are not destroyed. 

Drying . — Since moisture is required for the growth of 
micro-organisms, drying is a common method of preserving 
certain foods, of which biscuits and dried milk are familiar 
examples. Meat is not so well suited for drying, as it loses 
much of its natural flavour. The antirachitic and antineuri- 
tic vitamins are not aff*ected by the process of drying 
although the antiscorbutic vitamin maybe diminished by it. 
Fruits are dried by exposing them to the action of the sun, 
e.g. dried apples, apricots, etc. Meat is dried in a vacuum 
in cut pieces at a suitable temperature. In dry climate 
meat is cut into pieces and suspended in the air and 
exposed to direct sunlight. Milk is dried in thin films on 
heated and revolving drums. 

Smoking.— Mesit and fish are generally preserved by 
smoking. This is done after a preliminary salting. During the 
process of smoking the articles become dry and impregnated 
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with pyroligneous products of smoke which exert some 
germicidal effect. But this does not penetrate deep, and 
since smoked meat is eaten without further cooking, the 
possibility of the presence of some parasites and the products 
of decomposition should not be lost sight of. 

Salting and Pickling . — Salt is commonly used for the 
preservation of meat and Jish. Salting and pickling are also 
done with brine, yinegar or some weak acid. Boric acid or 
sodium sulphite is sometimes added to brine. Prolonged 
pickling kills trichina and many bacteria, but salting really 
prevents the growth of germs and does not kill those present. 
Pickling makes the meat tough and less digestible. 

Sugar in the form of syrup is also used for preserving 
fruits, and has the same action as salt or vinegar. 

Cold . — Since a temperature below the freezing point of 
water prevents the growth and multiplication of most 
bacteria, cold is largely used for preserving food. Most 
animal parasites die in cold storage, and cold reduces 
quantitatively the number of harmful bacteria. From a 
sanitary point of view cold is one of the best methods of 
preserving food. It does not alter the taste nor affect the 
natural flavour, but is only a temporary measure, and since 
the bacteria are not killed they grow and decomposition 
begins as soon as the temperature rises above lO^O. It is 
largely used in ])reserving flsh and meat. Considerable 
quantities of frozen meat are exported from America, New 
Zealand and Australia, Meat, eggs, flsh, fruits, and even 
milk can be preserved in cold storage for long periods. 
The usual method of producing cold is by rapid evaporation 
into the gaseous state of liquid ammonia. The resultant 
cold brine is made to circulate in pipes through the different 
chambers of the storage. Although micro-organisms patho- 
genic to man do not grow at a temperature below freezing 
point, yet a number of saprophytes and moulds develop 
abundantly at a temperature as low as O^C. 

Befrigeration is one of the best methods of preserving 
foods. Moreover cold imparts no new taste, nor interferes 
with the natural flavours of the food to any great extent. 
Its digestibility is not diminished and its nutritive value 
remains intact, but cold slightly aff'ects most vitamins. 

Chemicals . — Some antiseptics are used for the purpose 
of preserving food, but as a matter of principle the use of 
chemicals should l3e avoided. Sugar, salt and vinegar are 
not classed as chemical preservatives although their actions 
are the same as those of any other chemicals, ^'he common 
chemicals are benzoic acid and benzoates, boric acid and 
borax, formaldehyde, salicylic acid, sulphites, hydrogen 
peroxide and sodium bicarbonate. Preservation of milk, 
cream, butter and margarine by the use of chemicals has 
been prohibited by law in Great Britain. In fact except 
12 
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benzoates and sulphites, which are allowed only in the case 
of special articles like fruit pulp, etc., all preservatives are 
forbidden in Great Britain. 

Diseases Connected with Food 

Articles of food when exposed to the open air undergo 
all sorts of contaminations ; hence it is absolutely necessary 
that foods, whether in the shop or in the house, should be 
kept in suitable receptacles in such a manner as will pre- 
vent the risk of contamination from dust, flies, and other 
insects causing diseases like typhoid fever, paratyphoid 
fever, cholera, etc., but these are not included under the 
term acute food poisoning. There are again other diseases 
like scurvy, beri-beri, pellagra, ergotism, lathyrism, etc., 
connected with the consumption of certain foods, and not 
due so far as is known to any organism introduced with food. 
Certain foods are naturally poisonous and produce toxic 
symptoms when eaten. Others again cause poisoning from 
chemical contamination, e.g. metals in canning process, pre- 
servatives improperly used, arsenic from colouring matters 
used, etc., or chemicals used as adulterants. ^ 

The presence of certain specific or parasitic diseases such 
as tuberculosis, trichinosis, etc., may impart the disease 
when the flesh or milk of such animals is eaten. Foods may 
not be poisonous in themselves but may have an injurious 
effect on persons with weak digestion. 

Food Allergy. — Some persons owing to an inherent or 
acquired idiosyncrasy are sensitive to certain kinds of food 
and produce symptoms allied to anaphylaxis. These indi- 
viduals cannot take certain foods without producing some 
inconvenient symptoms. These may be gastro-intestinal, 
urticarial or asthmatic. The majority of foods which 
produce these symptoms are protein in nature, and are eggs, 
fish, cheese, pork, shell-lish, prawns, etc. 

Food Poisoning. — Jones* describes food poisoning as an 
acute gastro-enteritis caused by the ingestion of food or 
drink which either contains living bacteria capable of 
settingup an acute inflammatory condition of the alimentary 
tract or contains toxic substances produced by various types 
of bacteria that have an irritant effect on the gastro-intesti- 
nal mucosa. Although “botulism’’ is also a form of food 
poisoning this definition does not cover it inasmuch as the 
symptoms are not those of gastro-enteritis. 

The different varieties of food poisoning may be con- 
veniently discussed as follows 

(a) ^^Infection^^ Type of Food Poisoning,— -Thm is due to 

• British Medical Journal, July, 17, 1937. 
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the multiplication within the body of pathogenic bacteria 
present in the food. In bacterial infection the symptoms 
appear after a definite incubation period of about eight hours, 
and when due to toxin the symptoms appear rapidly. Food 
infection is an acute condition and produces symptoms of 
gastro-intestinal irritation, viz. vomiting, abdominal pain, 
diarrhoea and often collapse. The organisms responsible 
for the TnfectioiF type of food poisoning are the members of 
the Salmonella group and B. enteriiidis (Gartner), B, 
aertryckc or B. typhi murium as it is now called. And about 
twenty-seven members of the Salmonella group have been 
identified with actual outbreaks of food poisoning. They 
are non-sporing organisms and are not resistant to heat, but 
all the food-poisoning types produce endotoxins and are 
highly resistant to heat and can withstand a temperature of 
about lOfioC. without loss of toxicity. 

Some pathogenic intestinal organisms normally giving 
rise to one particular type of disease may sometimes cause 
typical symptoms of food poisoning, viz. the Sonne bacillus 
and B. dysenfcrice (Flexner). While recently (1937) Dr. Allan 
Gray recorded symptoms of gastro-enteritis in about eighteen 
individuals who have partaken of cockles presumambly 
contaminated by Proteus vulgaris. * 

{h) The^' Toxin'' Type. — This variety is due to the ingestion 
of certain substances formed as the result of bacterial 
multiplication in the food before ingestion. And notwith- 
standing exhaustive search it has not been possible to isolate 
any member of the food poisoning or dysentery groups. 
These outbreaks were formerly designated as ptomaine 
poisoning, caused .by the presence in the ingested food of 
products of protein decomposition. These so-called j^tomaine 
poisons or toxic amines, however, are not produced until 
the food reaches an advanced stage of decomposition when 
it becomes far too nasty to eat. Moreover they have been 
found to be relatively non-toxic to most laboratory animals 
except when given in excessively large doses, far larger 
than are ever likely to be ingested under normal conditions. 
It has been suggested by Savage that many of the outbreaks, 
in which food-poisoning organisms could not be isolated, 
might be due to the ingestion not of food-poisoning organisms 
themselves, but of toxins elaborated by these organsims, and 
the recent work in England and America strongly supports 
this view. In 1914 Barber described an outbreak where a 
certain strain of Staphylococcus alhus was isolated from the 
milk of a cow. Although the milk produced no ill-effects 
when consumed immediately after its withdrawal from the 
udder, but when allowed to stand a few hours at room tem- 
perature it invariably produced the characteristic symptoms 

* British Medical Journal, May 1, 1937. 
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of gastro-enteritis. Several outbreaks of staphylococcus 
food poisoning after eating a layer cake have been reported.* 
The cake contained yellow haemolytic Staphylococci, Sterile 
broth filtrates of this strain produced the same symptoms 
in human volunteers. 

Little is known regarding the nature of these toxic 
substances, whether they are specific bodies elaborated by 
the bacteria or whether they represent the breakdown pro- 
ducts of dead organisms. Savage and Whitef have shown 
that when toxic canned foods were emulsified and injected 
into animals, feebly agglutinating sera for Salmonella organi- 
sms were sometimes obtained, but, inspite of the intense 
symptoms that these toxic foods produced, the sera of 
sufferers seldom revealed any appreciable developments of 
agglutinins. In their study of hundred outbreaks of food 
poisoning the same observers have recorded that in nine of 
the outbreaks, while no specific organisms were isolated, the 
presence of Balmonella toxins in the suspected foods was 
highly probable. 

It is not always an easy matter to isolate the offending 
organism or to prove the presence of a specific toxin ; much 
less easy is it to trace the mode of infection of the food by the 
organism. The common ways in which food may be infected 
are : — (1) Infected animals may be used for food. (2) Infec- 
ted animals may excrete specific organisms to contaminate 
food. (3) Human carriers may contaminate the food by 
handling. Animals, specially cattle and pigs, may suffer 
from diseases caused by the Salmonella organisms, and 
although animals may suffer from acute or even fatal type, 
the carcase may not be noticeably unhealthy. But in most 
of these cases the meat must bo eaten in an uncooked or 
imperfectly cooked condition, as sausages or pressed beef, 
to cause ill-effects. Duck’s eggs have been found to cause 
food poisoning. Infection of ducks by B, typhi murium and 
B, enteritidis is not uncommon. Hens are less frequently 
infected by these organisms. The contamination of food- 
stuffs by the excreta of infected animals is of more frequent 
occurrence. Eats and mice suffer naturally from infection 
with B. typhi murium and B. enteritidis, and may excrete 
these organisms in their stools and urine for a considerable 
period. Foods kept unprotected under insanitary surround- 
ings are liable to be infected by these animals. The infec- 
tion may also be carried indirectly, through direct handling, 
infected knives, flies, etc. Human carriers also play some 
part in carrying infection, generally B. paratyphosus B, and 
B. aertrycke. Salmonella organisms are not excreted by 
men for more than a few days after infection. 

* Journal of American Medical Association, 1931. 

^Medical Research Council, Special Report Series, No. 92. 
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(c) Botulism. — This form of food poisoning differs from 
other forms in not producing any symptoms of gastro-enteri- 
tis, but nevertheless the symptoms are the result of absorp- 
tion from the alimentary canal of a specilic toxin. It is of 
great imi)ortance because of high incidence of mortality. 
The causative organism is Clostridium hotulinunty a sporing 
anaerobic organism incapable of growth in the animal body 
and giving rise to infection, but under suitable conditions 
it produces a very potent toxin. It produces true extra- 
cellular toxin to which the symptoms are due. The bacillus 
and its spores are widely distributed in nature. It lives 
normally in the soil, and by soil contamination food may 
become infected, specially fruits and vegetables. The spores 
themselves are harmless unless they arc under conditions 
which allow them to germinate and so produce the toxin. 
As a rule the toxin is not produced in the foodstuff*, but 
tinned products which have become contaminated and then 
kept warm (68® F.) afford a suitable medium for toxin pro- 
duction. Fortunately however it is destroyed at a tempera- 
ture of 175®F. It should be noted that the bacillus grows 
and produces toxin only in foods containing proteins and 
never in fresh foods. Canned, preserved and pickled foods 
are generally the sources of danger. 

The organism is carried through different foods. In 
Germany the attack followed the use of sausages and other 
meat foods; in America canned vegetables and canned fruits ; 
while the Loch Maree outbreak was due to an infected glass 
jar of wild-duck paste. 

Man is extremely susceptible to this toxin and death has 
taken place after eating one-half of an olive. The symptoms 
are characteristic and are quite diff’erent from other types 
of food poisoning. The symtoms first appear generally 12 
to 24 hours after ingestion of the infected article, but may 
appear earlier or may be delayed. In some instances the 
symptoms appear within six hours of eating the infected 
food. As a rule the symptoms are entirely nervous in cha- 
racter, the gastro-intestinal symptoms, vis. vomiting and 
diarrhoea may occur but are usually slight and transitory, 
but constipation is common and is due to paralysis of peris- 
talsis. Distorted vision, diplopia, 3rd nerve paralysis, ptosis 
and weakness and paralysis of accommodation generally 
follow. Death occurs from failure of heart and respiration 
in 4 to 6 days. 

Investigation of outbreaks of Food Poisoning. — In investig- 
ating an outbreak of food poisoning the student should re- 
member that the line of investigation to be adopted will 
vary according to the nature of the outbreak. There is 
always some interval between the ingestion of the food and 
the first appearance of the symptoms, and much valuable in- 
formation can be gathered by a careful study of this interval. 
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When the infection is due to some preformed toxin, as in 
poisoning by tinned foods, the symptoms appear rapidly 
and the bacteriological findings are negative. On the other 
hand when the infection is caused by ingestion of living in- 
fective bacilli the incubation period is of longer duration 
since sufficient time must elapse before the organisms can 
manufacture enough toxins to produce any symptoms. When 
the outbreak is caused by a mixture of bacilli and toxins 
the incuba tion period is variable depending upon the amount 
of toxin ingested and the degree of bacterial contamination 
of the food. Noting these facts x>roceed to make a complete 
list of cases and note particulars of individual cases of illness 
and vehicle of infection. Then make a detailed investigation 
of the extent of the outbreak and record all the articles of 
food consumed, and then ascertain by a process of exclusion 
foods likely to have caused the outbreak. Secure samples 
of implicated foods (this must be from the actual portions 
remaining over) and obtain all possible information as to 
their source and possibilities of their contamination. If any 
case proves fatal, post mortem materials from the spleen, 
liver, small and large intestines, and the kidneys should be 
taken and bacteriologically examined, wh^n valuable infor- 
mation on the nature of the infection may be obtained. Spe- 
cimens of fieces and vomit passed by the patient during the 
acute stage often give positive results. Laboratory investi- 
gation should consist in examination of the suspected food- 
stuffs ; their appearance, smell, chemical reaction and any 
deviation from normal should be noted. Make both aerobic 
and anaerobic cultures followed by feeding and inoculation 
tests. Finally samples of blood from the victims taken after 
one week may give agglutination test with known cultures 
of organisms. 

Excess of Food. — If an excess of food is taken, the 
organs concerned in the metabolic i)rocesses have too much 
work thrown upon them, and if they are able to perform the 
task the blood becomes surcharged with oxidisable matter. 
The overloaded condition of plasma acts as an irritant either 
to the vessel walls or to the vasomotor centre, producing 
constriction of the arterioles, and a consequent general rise 
of blood-pressure. The task of excreting the excess is under- 
taken mainly by the kidneys, and the amount of work 
thrown upon them is out of proportion to the ydiysiological 
necessities, so that sub-oxidation and deficient excretion 
results leading to dyspepsia, gout and constipation. Fer- 
mentative and putrefactive processes are set up with the 
generation of offensive gases leading to dyspeptic troubles. 
These may be attended with either constipation or diarrhoea. 
Some of the products of putrefaction are absorbed into the 
system and give rise to symptoms of auto-intoxication. If 
fat or carbohydrate be in excess in the food, they set up acid 
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dyspepsia with accumulation of much flatus. Fat is also 
deposited in the tissues and persons suffer from obesity. 

Unbalanced Diet and Deficiency Diseases.— The mainten- 
ance of the body in a healthy condition depends upon a diet 
consisting not only of the different proximate principles, 
viz. protein, fat and carbohydrate of sufficient calories to 
furnish the heat and energy, but also of inorganic salts, 
chiefly calcium, phosphorus, iron and iodine. A balanced 
diet should also contain all the vitamins and should provide 
more or less the same number of calories every day. It is 
further necessary that these must be presented in such a 
way as will help prompt and complete digestion and 
assimilation. 

Deficiency in all the proximate principles of diet involves 
loss of weight, debility, poverty of blood, and prostration. 
Complete deprivation leads to rapid wasting, dryness of 
the mucous membranes, impaired action of the heart and 
respiratory system, low fever, restlessness, delirium, coma 
and finally death. Young subjects bear starvation badly 
and die very soon. Absence of fat leads to a state of 
malnutrition. Continued starvation produces the most 
disastrous effects on the human constitution, and the 
digestive functions become so altered and degenerated from 
disuse that when a sufficiency of nutriment is given the 
wasted organs cannot utilise it and the sufferer dies from 
inanition. 

Within recent years we have realised that certain 
diseases may develop from the lack of certain peculiar food 
elements, although the diet may supply adequate calories. 
It is possible that deficiency in one essential of a diet may 
be compensated partly or wholly by adequacy of other 
constituents. Although there may be deficiency of one or 
more accessory food factors in the diet, it is also common 
to find other faults as well, e.r/, proteins of low biological 
value, deficiency of mineral salts and so forth, so that it is 
rather difficult to assign one definite food deficiency as the 
cause of a disease. Unbalanced diet when continued long 
produces certain diseases known as deficiency diseases. 
They are as a rule chronic manifestations produced as the 
result of prolonged use of such a diet. Thus underfeeding, 
specially with a deficiency of proteins, produces nutritional 
oedema ; simple goitre is believed to be due to lack of iodine 
in water or food, or both ; xerophthalmia is caused by 
deficiency of vitamin A and heri-heri of vitamin B. It is 
probable that chronic enlargement of the lymphatic glands 
in children and septic foci common in man may be due to 
persistence of infection as the result of deficiency of 
vitamin A. McCarrison holds that whatever the specific 
function of any vitamin may be, vitamins are but links in 
a chain of essential substances necessary for normal 
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metabolism, and should be considered in relation to the 
balance of food ingredients as a whole to organs of digestion 
and assimilation and to endocrinic regulation of metabolism. 

At the present moment it is premature to make any 
dogmatic statement about the precise food deficiencies 
and their associated diseases in India. A. complete diet 
survey and its correlation with physique in the different 
regions is urgently required and has only now being taken 
up. The liner symptoms of partial deficiency have until 
recently been scarcely noted owing to the fact that at this 
stage they so seldom cause the sufferer to seek advice. Broad 
methods for estimating the nutritional condition of the 
child or adult based generally on height, weight and 
skeletal measurements are being tested out in several 
countries of the world. The main advantage of methods 
such as the A. G. H. index (arm, chest, hip) which has been 
built up on a basis of clinical observations, lies in their 
objective nature and the relative ease and speed with which 
they can be carried out even by non-medical observei's. 
The main disadvantage in their use however lies in the 
fact that standards have to be fixed for different races and 
even then many cases may be missed. In India it would 
appear that there is considerable scope for patient clinical 
observation carried out by a Health or School Medical 
Officer Service. Considering the relative poverty of the 
masses in India it is extremely probable that the data 
obtained would form a basis for suggesting small, relatively 
inexpensive, though inadequate alterations in diet with 
consequent improvement in health even although much 
more might be desired. 

Rickets . — Eecent experiments indicate that rickets is a 
deficiency disease caused by the absence of some accessory 
food factor or factors. It is now believed to be due to an 
unsuitable calcium-phosphorus ratio, or a deficiency of 
vitamin D. The ultra-violet rays of the sun seem to be able 
to compensate for a faulty calcium-phosphorus ratio. On the 
other hand other observers see no relation between diet and 
human rickets, and ascribe the disease to unfavourable 
environment, lack of sunlight, too limited air space, and 
lack of exercise leading to defective calcium metabolism 
so that lime is not deposited in the bones. 

Scurvy . — Like beri-beri scurvy is a deficiency disease 
due to the long continued consumption of food lacking in 
vitamin C. The antiscorbutic vitamin is obtained in large 
quantities in oranges, lemons and fresh green vegetables, 
roots and tubers, and in small quantities in fresh milk and 
meat {see page 169). 

Pellagra . — It is a disease of malnutrition and is classed 
by many observers with beri-beri and scurvy as a deficiency 
disease although the exact nature of the deficiency is not 
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settled. It is found in Central Europe, Central America, 
Mexico and Africa, and cases have been recorded in Asia 
Minor, India, Straits Settlements, the Philippine Islands, 
Japan and Korea. Three views have been advanced to 
explain the cause of this disease, viz. (a) the infection 
theory ; (h) the toxin theory ; and (c) the food deficiency 
theory. The infection theory received very little support^ 
and the intoxication theory of Lombroso that the disease 
was due to toxins produced in the maize by the action 
of moulds and other micro-organisms, has been revived, 
and Sabry* in Egypt has suggested that intravenous injec- 
tions of sodium thiosulphate may exert some beneficial 
effects by neutralising the toxin derived from ingestion of 
damaged maize. The food deficiency theory has however 
the largest number of supporters. One school holds that 
it is caused by a deficiency in the biological value of 
proteins, and may be wholly eradicated by proper feeding. 
The probable deficiency is that of some aromatic amino-acids 
possibly tryptophane. From observations made in the 
Russian an(l Roumanian fronts it has been shown that 
where there was pellagra the chief article of diet was 
mainly maize flour. Ooldberger and his associates have 
shown that pellagra was caused by the deficiency of some 
essential food factor which in some respects had properties 
similar to those of vitamin B, but which was quite distinct 
from the factor which cured experimental polyneuritis. The 
antineuritic factor or vitamin Bi is thermolahile^ and the 
thermostahile factor which cures human pellagra has been 
named by Ooldberger as vitamin p-p (or vitamin B 2 ) which 
is contained in yeast, and which has been shown to be of 
great value in the prevention and treatment of pellagra 
without the addition of foods with high protein value. 
Bliss put forward the view that both human and ex- 
perimental pellagra in rats was due to iron deficiency, and 
Guhaf pointed out that pellagra was a complex syndrome 
arising from an association of various factors, deficiency 
of Ooldberger p-p factor being an important though not the 
sole factor. He holds that vitamin B 2 plays an important 
part in iron metabolism. The deficiency of vitamin B 2 
theory has been further challenged by Aykroyd who showed 
that this vitamin was present in larger quantity in whole 
maize than in overmilled rice and millet, while in the endo- 
sperms of each it was equal and in low amount, and pointed 
out the fact that the rice eating people suffer from beri-beri 
and not from pellagra. Harriette ChickJ has suggested 
that the known facts might be explained by the hypothesis 


^Lancet., 1931, ii. 1020 ; Jour. Trap, Med. and Hyg. 1931, Sep. 15. 
^British Medical Journal. July 11, 1931. 

XLancet, 1933, ii, 345. 
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that some toxic substance derived from maize may be 
rendered innocuous by the action of the pellagra preven- 
tive p-p factor or vitamin B 2 . 

The different Avays in which a diet may be ill-balanced or 
maladjusted have been classifled by McCollum as follows : — 
(a) An inadequate supply of the inorganic constituents, (h) 
Inadequate amount of protein, or the use of protein of 
poor quality, t.e. not containing all the necessary amino- 
acids. (c) A lack or deffciency in one or both of the acces- 
sories, fat-soluble A and water-soluble B. (d) The presence 
of toxic substances in certain foods. 

Endemic Goitre , — The causation of endemic goitre re- 
ceived a good deal of attention in recent years, and the 
disease is now regarded by some as a deficiency disease due 
to lack of iodine in food and Avater. Two types of endemic 
goitre are generally seen, the classical type, i.e., parenchy- 
matous or simple hypertrophic goitre, and the diffuse colloid 
goitre. The former type occurs in mountainous regions and 
is essentially a place disease, and is found amongst agricul- 
tural populations ; Avhile the latter type occurs specially in 
lowlands. Both varieties may occur in the same locality. 
From time immemorial the disease has been associated with 
tv^ater. Various causes have been assigned, such as (a) 
excessive richness in some chemical ingredients, ejj. hard- 
ness ; (6) presence of some organic impurities, notably some 
pathogenic agents or their products ; and (c) poverty of 
iodine. The iodine deffciency and the infection theories have 
received the largest number of supporters. It has been 
argued that goitre begins to appear when the iodine in the 
thyroid gland becomes deficient and that there is deficiency 
of iodine in the soil, Avater and food of goitrous regions. 
McCarrison, after careful experimental evidence extending 
over several years in India, came to the conclusion that 
association of goitre with a Ioav iodine-content of the 
food Avas not invariable, nor was iodine-deficiency the 
essential cause in this country, inasmuch as goitre Avas 
produced in animals fed exclusively on iodine-poor food like 
white flour and rice. He produced experimental goitre in 
men by giving them to drink suspended matter removed 
from grossly polluted goitre-producing water, although these 
men Avere encamped on grounds containing 15 parts of iodine 
per 13 million parts of soil and the water contained 1200 
parts of iodine per 100 billion parts of water. On the other 
hand no goitre was produced in those who drank the same 
suspended matter which was previously boiled. The evidence 
put forward conclusively proved the presence of goitre- 
producing agent in the water and which was destroyed by 
boiling, although goitre was not prevented by the iodine 
in the water when unboiled suspended matter was given to 
drink. According to McCarrison the causation of chronic 
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hypertrophic goitre is closely interwoven with the composi- 
tion of food (deficiency of vitamins A,B and C), with the state 
of the gastro-intestinal canal, with the concentration of the 
toxic metabolites in the system, and with the role of the 
thyroid gland and of iodine (alone or in collaboration with 
the thyroid) in the phenomena of nutrition and oxidation. 
Although it is possible that deficiency of iodine may have 
some part in the causation of goitre, the essential cause 
according to McCarrison is a positive toxic agent derived 
from the gastro-intestinal tract. 

Very little is known regarding the geographical distri- 
bution, epidemiology and etiology of colloid goitre. It has 
been suggested that disturbance of the calcium-iodine 
balance in the food and possibly in the gland itself may 
have some relation in the pathogenesis of the disease. 



CHAPTER VII 

DIET IN INDIA* 

A CONSIDERATION of the subject of diet with special reference 
to India and the tropics in general is somewhat complicated. 
In the first place in a country inhabited by different peoples 
of different nationalities, castes and creeds, food habits dift*er 
markedly — evidence indeed of the tenacity of original cul- 
tures carried over in the process of immigration from distant 
areas. In the second place it should be pointed out that 
Nature offers a relative preponderance of animal fats and 
protein at the polar regions while carbohydrates and a 
vegetable diet become more plentiful as the equator is 
approached. It is a moot point whether man all over the 
world requires fundamentally a similar diet or whether 
adaptation to a climate involves an altered dietary regime. 
Although man has adapted himself to every region of the 
world this has not been eff'ected by any adjustment of 
either his body temperature or to any considerable extent 
of his basal metabolism. It appears much more likely that 
he has maintained his vitality and superiority in the animal 
kingdom in virtue of the tropical temperature at which his 
blood is kept. Nevertheless Hindus from time immemorial 
have consumed a ])ure vegetarian diet while the Sikhs and 
Pathans on the contrary are meat eaters. It is the function 
of the modern science of nutrition to decide on the one hand 
as to how far in the interests of health, cultural habits 
should give way to modern scientific principles, on the other 
hand how far man has adjusted himself to cultural habits 
which are an intimate part of his social system. Life is 
more than bread. 

N UTRITI VE V ALUKS 

Before going into details let us analyse the nutritive 
value of vegetable food. Based on chemical composition 
alone the proteins, carbohydrates and fats of vegetable food 
are almost equal in nutritive value to the corresponding 
substances derived from the animal kingdom. But vegetable 
protein cannot entirely replace animal protein, some of the 
amino-acids essential for nutrition being lacking (see p. 163). 
It is therefore inferior in nutritive value to protein of 
animal food. On the other hand some German observers 
have shown that the nitrogen equilibrium suffers no impair- 
ment if the protein of meat and milk be replaced by a 
similar quantity of protein in the form of peas and beans, 
provided the food contains a sufiiciency of all the vitamins. 

*B. N. Ghosh, Journal of the Royal Institute of Public Health, 
London, May^ 1911. 
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As regards carbohydrates, it would be sufficient to say 
that they are almost entirely derived from the vegetable 
kingdom, and their value as food is beyond any dispute. 
With regard to fat it has been proved by exx)erience and 
experiments that vegetable fats are as valuable a means of 
nourishment as the fats of meat or milk. 

It must not, however, be supposed that simidy because 
the chemical constituents of vegetable food are equal in 
nutritive value to the corresponding constituents of animal 
food, vegetable food can replace animal food or vice versa. 
For instance, a glass of whisky is chemically the. same whe- 
ther it is taken raw or diluted, but the elfects are markedly 
different. The real question to consider is that of protein 
absorption of a vegetarian, for carbohydrates must of neces- 
sity be derived from a vegetable source. 

StanDxIud Jail Diet 


Let us now consider some standard vegetarian diet, and 
for this ordinary jail diet of Bengal may be taken as a 
type, which consists of: — 

Rice ... ... 26.05 oz. or 775.80 grm. 

Dais ... ... 6.15 oz. or 174.41 grm. 


Vegetables 
Mustard oil 
Condiments 
Antiscorbutics 
Salts ... 

The value of this 
follows : — 


6.15 oz. or 174.41 grm. 

0.64 oz. or 18.14 grm. 

0.26 oz. or 7.37 grm. 

0.26 oz. or 7.37 grm. 

0.90 oz. or 25.52 grm. 

diet in proximate principles is as 


Foodstiiff.s. 

Rice. 

Dal. 

Vege- 

tables. 

Oil. 

Total 
(in grin.) 

Protoin 

51.63 

39.32 

2.36 


93.31 

Carbohydrate 

589.55 

94.72 

9.06 


693.33 

Fat 

6.80 

4.76 

1.58 

17.35 

30.49 


The above therefore represents the average composition 
of the diet in use in the Bengal jails, and according to the 
acceyffcd heat equivalents its caloric value is 3508, which is 
about 1000 calories higher than is furnished by Ranke’s 
diet {see p. 197). But the total bulk of the above diet 
is so great that digestion and absorption are interfered 
with, and only a portion of the 93 grammes of protein is ac- 
tually utilised by the system ; in fact, the real nutritive 
value of the above diet is a little more than 60 to 65 grm. 
But the effect of adding wheat-atta, fish, or meat to the 
above diet, reducing at the same time the amount of rice 
and dal, is a sudden rise of the protein absorption, the 
actual protein metabolism being largely augmented. 
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Thus on a diet consisting of 

Eice ... 18 oz. Atta ... 4 oz. 

Dal ... 5 oz. Vegetables... 6 oz. 

the average metabolism is 8.50 grm. of nitrogen daily. In 
fact, the protein metabolism is considerably increased with 
a diminution of about 50 per cent, of nitrogen residue in 
the stools.* The reduction of rice from 26 oz. to 18 oz. daily 
therefore helps not only to bring the carbohydrate element 
and the total caloric value of the diet within the bounds of 
physiological limits, but also assists in reducing fermentation 
in the intestines. 

It is believed that Mahomedans, who are used to animal 
diet, are better able to absorb the protein from an animal 
food than Hindus, who are largely vegetarians. As the 
result of investigation by McCay* upon Mahomedans and 
Hindus placed exactly on the same diet identical results 
were obtained. The diet was as follows : — 

Bread ... ... ... 8 oz. 

Mutton ... ... ... 12 „ 

Fish ... ... ... 0 „ 

Potatoes ... .., ... 4 „ 

The value of this diet in nitrogen is 16.1^9 grm. Accord- 
ing to McCay the degree of nitrogen absorption depends 
more upon the manner in which the protein diet is made up 
than upon the absorptive power of the intestinal canal. 

Food and Physical Development 

We are now in a position to consider the question of the 
relationship of food to physical development. Prom the 
researches made on the metabolism of the Bengalis and on 
their nutrition, it is evident ^‘that the average natives of 
Bengal, even the members of the well-to-do classes, exist on 
a metabolism of less than 4 grm. of nitrogen per man daily 
on the ordinary diet of the province. The opinion that the 
sociological conditions, vigour, and physical development of 
a race are in close relation with the amount of assimilable 
protein, is almost unanimous. The progress of a nation will 
be hampered if the citizens are ill-fed, for upon food depends 
not only life itself, but the power to work and to resist 
disease. A well balanced diet therefore has a far-reaching 
influence upon the development of the race, an influence 
which is directly seen in the physical well-being associated 
with an adequate supply of suitable food. The result of 
protein starvation with deficiency of vitamins A, B and D, 
especially in the early growing period of life, when in 
addition to the elements required for repair and formation 
of energy an extra quantity is required for growth, is 

*^^Scientific MemoirsJ^ Government of India, No. 87, 1910. 
fMcCay : Scientific Memoirs, 1910. 
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disastrous, for this may result in imperfect growth and 
development, the consequences of which may be very lasting. 
With the rice-eating inhabitants of India there is a loss of 
tissue protein with an accompanying loss of vigour and 
strength and a comparatively low capacity for prolonged or 
sustained muscular work. It is therefore of vital importance 
to consider the particular diet that will suit the people of 
India. More assimilable protein and not excess of carbohy- 
drate, is what is needed in the diet. But it does not follow 
that protein from meat alone should be taken to build up 
the tissues of the body. 

McCarrison, as the result of careful experiments on the 
diets of the different peoples of India, has come to the con- 
clusion that the physical efficiency and well-being of any 
race is largely a matter of the food they eat. It is not only 
because the diet of the Sikh contains more suitable protein 
than that of the Bengali — although this is a matter of great 
importance — nor because it contains more vitamins, that the 
Sikh excels the Bengali in physical efficiency and well-being, 
but because the diet of the Sikh contains all those elements 
and complexes necessary for the maintenance of perfect 
nutrition. Each essential constituent of food is a member 
of a team on the co-ordinate action of which perfect nutri- 
tion depends. If we look to the history of the human race, 
we find that man has been guided in the selection of his food 
by the circumstances and conditions with which he has been 
surrounded. The physical organisation seems capable of 
the remarkable power of adapting itself to such food as may 
be procurable. Thus, in Arctic regions where no vegetables 
can be had man liv.es exclusively on meat and fat ; similarly 
in India where fruits and nutritive vegetables abound, and 
are easily procured, these are consumed very largely. 

There is another side of the question, namely there are 
degrees of health, and that while health and muscular 
strength can be maintained upon a purely vegetable diet, 
a careful consideration will show that those who live on such 
a diet are lacking in what is called energy. One must care- 
fully differentiate energy from strength. The former is a 
property of the nervous system, the latter of the muscle. 
Carbohydrates derived from vegetable food supply the 
muscle, whereas the brain requires nitrogen which is 
obtained from the protein food only. Energy and strength 
derived from animal and vegetable food are very well ex- 
plained by the following lines of Haughton. The hunted 
deer will outrun the leopard in a fair and open chase, 
because the work supplied to its muscles by the vegetable 
food is capable of being given out continuously for a long 
period of time ; but in a sudden rush at a near distance, the 
leopard will infallibly overtake the deer because the flesh 
food stores up in the blood a reserve of force capable of 
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being given out instantaneously in the form of exceedingly 
rapid muscular action.’’ One of the objections to living 
purely on vegetable food is that one has to consume a much 
larger quantity of vegetable than of animal food to obtain 
the necessary amount of nourishment, for, as has been shown 
above, a large amount of protein would pass out of the body 
unutilised, and the albumin of vegetable substances is often 
mixed up with large quantities of starch enclosed in a 
network of cellulose which is resistant to the action of 
digestive juices. 

The commonest and the worst of all diets in use by 
Indians consists of rice, dais, vegetables and condiments. 
This diet is poor in protein, in certain mineral elements and 
in certain vitamins ; and, consistent with these defects, the 
users have the worst physique, low power of resistance to 
bacterial infection and the worst health of any of the races 
of India. Another diet largely used by the people of the 
United Provinces is made up of wheat atta with dais, vege- 
tables and condiments. It is a better diet than the above 
because wheat provides a better and larger amount of 
protein, and while it is deftcient in certain respects (as in 
vitamin A), it is less so than the pure rice diet. Consistent 
with the better quality of this diet the physical efliciency 
and general well-being of its users are of a higher order 
than that of the users of a rice diet. 

It is, however, when we consider the foods of Eajputs, 
the Sikhs and the Pathans, who supplement their diet with 
animal foods, especially milk and milk products, that we 
meet with the highest degrees of physical eflicieney to be 
found in India. But man, whose gastro-intestinal tract is 
less capacious than that of the herbivora, cannot obtain 
from vegetable foods alone all the essentials for his energy 
requirements, nor for the attainment of the highest degree 
of physical efficiency. He can obtain a sufficiency of certain 
essentials, such as carbohydrates, mineral elements and 
vitamins from vegetable sources, but it is necessary for him 
to supplement his diet with a certain amount of animal food. 

It is generally believed that high protein consumption 
ensures greater resistance to infection, and that epidemics 
are more common amongst ill-fed vegetarians, but Carter of 
Birmingham found that the incidence of tuberculosis had no 
relation to the protein of the diet, whereas it was clearly 
related to poor energy value. It is the deficiency of vitamin A 
that lowers the power of resistance to bacterial infection. 

PuYsionoGiCAL Effects 

The physiological effects of the increased bulk of vege- 
table food call for some consideration ; 

1. The stomach and bowels become somewhat distended, 
as evidenced by the disproportionate development of the 



DIET IN INDIA 19^ 

abdomen of herbivorous animals, and also in the so-called 
‘‘potato belly’' of the Irish peasants and the fat belly of the 
Indian vegetarians. But this increase in capacity of the 
abdominal organs, by which the greater bulk of a vegetable 
food is accommodated, is not accompanied by an increased 
power of digestion and absorption. 

2. The operation of the stomach and intestines upon a 
large bulk of vegetable food necessitates increased muscular 
effort by these organs, which implies a large expenditure 
of blood and nervous energy, and, consequently there is less 
of these left for other purposes.* 

The large amount of water which is consumed with a 
vegetarian diet is by no means entirely a disadvantage in 
the tropics. The process of digestion and solution of starch 
involves a greater mobilisation of fluids in the alimentary 
canal than does fat. This would tend to increase still 
further the bulk of the material undergoing digestion. A 
carbohydrate rich diet also increases the water content in 
the tissues. This in a tropical climate means a greater 
reserve of fluid available for elimination as water vapour 
by the lungs and skin and as urine by the kidneys. More- 
over it has been show n that not only the volume of urine 
but also the amount of insensible perspiration is to a certain 
degree conditioned by the water content of the tissues. The 
practical advantage in regard to heat loss is hence obvious. 
There is no clear cut evidence that the blood solids are 
diluted to an extent that is deleterious in the tropics. 

It may be mentioned that increased vegetable food has 
less influence on those engaged in out- door work than on 
those engaged in sedentary pursuits. For a labourer requires 
a large amount of carbohydrates to perform muscular w^ork, 
and the free action of the skin carries off* the excess of water 
which such a diet contains. 

Daily Diet 

Admitting, therefore, the value of proteins in the diet 
and that the animal protein is the most assimilable of all, 
the question which naturally suggests itself is what should 
be the diet of the peo|)le of India. Is it possible to live on 
the same diet as Europeans do in India ? Yoit and Cramer 
pointed out that persons Avho have for years been accustom- 
ed to one form of diet absorb its constituents no better than 
those to whom such a regimen is a comparative novelty. 
As the result of investigation on Hindus and Mahomedans, 
McCay corroborates the above statement {see page 190). But 
we find that the testimony of some experienced medical men 
is quite different : “It has often been said that Europeans in 

•Hutchison : Food and Principles of Dietetics, 
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India should imitate the natives in their food, but this 
opinion is based on a misconception. The use of ages has 
accustomed the Hindu to the custom of taking a large 
quantity of rice with pulses and corn. Put a European on 
this diet and he could not at first digest it. The very bulk 
would be too much for him.’’* Again, Sir Joseph Fayrer 
makes the following observation : ‘Jt is not advisable to 
copy the natives in respect of diet. Neither the mode of 
living nor the quality nor the quantity of the aliment can be 
changed with impunity. The stomach of the Anglo-Indian 
will no more obtain from the dietary of the Hindu all that 
is necessary for nutrition than it could in other circums- 
tances from the blubber that delights whilst it nourishes the 
Eskimo.” If the above is true for Europeans, tlie reverse 
should hold good for Indians. Pawlaw has shown that the 
pancreas pours out a secretion whose properties vary with 
the nature of the food supplied. If the animal is fed on meat 
the secretion becomes rich in trypsin, and if the diet be 
starchy the proportion of amylopsin in the juice becomes 
greater. 


Supplementing the Puotein Element 

We have now to consider how the deficiency of the 
protein element can be supplemented. There are three 
methods by which this can be done : — 

1. By adding a moderate amount of food derived from 
the animal kingdom. In meat and fish we have concentrated 
forms of protein foods and by their use we can supplement 
the nitrogenous element which would otherwise be deficient 
in the diet. This diet is best suited for Europeans in India. 
In a suitable mixed dietary the proportion of animal food 
should not be less than 25 per cent., and according to Voit 
it should be 35 per cent. 

2. Some vegetarians supplement the protein of their 
diet by taking milk or eggs. In fact, milk and its pre- 
parations are taken by most of the vegetarians in India. A 
liberal use of milk or curd (dahi) will no doubt remedy certain 
deficiencies of a pure vegetable diet, and there can be no 
physiological objection, except the difficulty of obtaining it 
pure, when the question of expense has also to be considered. 

3. For those who do not even take milk or fish, or 
cannot afford to have them, the only method of increasing 
the total protein is by taking large quantities of such foods 
as are especially rich in nitrogen, as atta, pulses, etc. But 
the disadvantage of such a diet, necessitating consumption 
of a large bulk of food, has already been alluded to. 


Barney Yeo : Food in Health and Disease, 
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Standard Indian Diet 

A diet, therefore, that will suit the average Indian 
and at the same time maintain the high standard of protein 
metabolism would be a compromise between the European 
and the orthodox Hindu diet. The following is a good diet 
for India ns provided the rice is not polished and whole-meal 
atta is used, 

Rice . . 8 oz. Kish . . 4 oz. 

Atta . . b „ Vegetables and fruits . . 6 ,, 

Dal . . 4 ,, Milk or curd {daJii) . . 12 „ 

Oil or Ghee . . 3 ,, 

The value of the above diet in proximate principles is as 
follows : — 


1 Protein. 

Carbo- 

hydrate. 

Fat. 

Calories. 

Rice 8 oz. 

10 

204 


832 

Atta 6 oz. 

21 

120 

4 

012 

Dal 4 oz. 

29 

64 

3 

400 

Oil or ghee 3 oz. 



87 

783 

Kish4oz. 

20 


8 

100 

Vegetables fruits 0 oz. 

a 

0 


30 

Milk 12 oz 

12 

14 

1 12 

210 

Total in grammes 

100 

408 

1 no 

3027 


To the above diet may be added 8 oz. of meat once or 
twice a week when the food value will be increased corres- 
pondingly as follows : — 

Protein, 44 and fat, 50 ; with an increased Calorie of 585, 
giving the total of protein 144, fat 160 and 3012 Calories on 
those days. 

Those who do not take fish should supplement the above 
diet with an additional four ounces of milk, curd or dahi. In 
every case the diet should contain sufficient green leafy 
vegetables which should be eaten raw after proper washing. 
In addition to the above sugar or Qtir should be taken. 

It should be noted that the diet of rice, wheat, lentils, 
e4c., used by the majority of Indians is well suited to the 
elimate and to their constitution. The defect in the orthodox 
Hindu diet is its poverty in the protein element. The 
addition of wheat atta to one of the two daily meals causes 
material improvement. During the hot months many Euro- 
peans take meat very sparingly. In fact, there is less crav- 
ing for animal food in hot weather, and also a less capacity 
for digesting it, especially when it is of a fatty nature. 

The following diet is recommended for Europeans in 
India 
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1 

Protein. 

Carbo- 

hydrate. 

Fat. 

Calories. 

Bread 8 oz. 

24 

144 


720 

Meat 8 oz. 

44 


50 

585 

Cheese 1 oz. 

6 

i 

3 

47 

Kggs two 

12 


12 

156 

Butter 8 oz 



72 

648 

Potatoes 6 oz. .. 

6 

86 


168 

Fruits Sl Vegetables 6 oz.i 

1 

4 


20 

MUkSoz 

8 ! 

9 

8 

140 

Rice 4 oz. 

8 1 

102 

1 

[ 482 

Fish 8 oz. 

16 


8 

108 

1 ■ ■ — 

1 Total ill gnus. 

i 1 

125 

296 

149 

8024 


The diet of Europeans in India should also be modified. It 
is not a sound i)ractice to live on a purely European diet in 
India. In a suitable mixed dietary the proportion of animal 
food should be less than one in four. If this is exceeded, an 
undue strain is imposed on the eliminatory organs and the 
liver. A well-balanced European diet should contain a liberal 
amount of green vegetables, fresh raw fruits and substitu- 
tion of whole-meal bread or chapaties in place of white 
bread, and a liberal use of good milk (McCarrison). The 
following are the remarks of Professor Simpson on the sub- 
ject : “When the Aryans first descended into the plains of 
India they wore moat-eaters, but the experience of the 
centuries evidently taught them to be vegetarians, or to be 
very sparing in the amount of meat they ate, and at the 
same time to become total abstainers. This is an exi)erience 
the lessons of which the Europeans who go to the tropics 
are inclined to ignore. Accustomed to living well in their 
own country, in which large quantities of meat, fats and rich 
food, as well as wines and spirits, form an important j)art of 
their diet, they are tempted to continue, as closely as 
possible, a similar diet in the tropics.” 

As compared with the above diets the standard ration for 
the European and Indian soldiers given below will be of 
some interest : — 

Indian soldiers : — Eice or atta, lb. ; dal, 8 oz.; sugar, 

oz.; ghee, 2 oz.; potato, 2 oz.; salt, ^ oz. 

European soldiers : — Bread, 1 lb. ; flour, ^ lb. ; meat, 1 lb.; 
onions, 6 oz.; potato, 10 oz.; salt, i oz.; sugar, 2^ oz.; tea, 
f oz.; vegetables, ^ lb. 

Dr. Chuni Lai Bose of Calcutta has recommended the 
following scale of diet for students of Bengal, vis, rice, 5 oz.; 
dal, 2 oz.; fish, 6 oz.; potatoes and other vegetables, 10 oz.; 
atta, 10 oz.; oil or ghee, 2 oz.; sugar, 1 oz.; dahi, 4 oz. 
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This diet yields nitrogen 300 grs., carbon 4,500 grs., and 
3000 Calories of energy. 

The comparative value of the European and Indian diets 
as recommended by the writer is as follows : — 


European (A iitlioi ■^s) 
Indian (Aathor^s) ... 
Kanko 
Atwater ... 

Voit 


; Protein, j 

Carbohy- 

drate. 

Eat. j 

Calories, j 

1 125* i 

1 296 

149 

3024 

1 100 

408 

116 

3027 

100 

240 

100 

2324 

125 

400 

125 

3315 

IIS 

500 

i_ ' 

56 

3055 


The Health Bulletin No. 23 suggests the following scale 
of eo-ehicients and calorie reipiirements as being suiliciently 
accurate for practical nutrition work in India. 


SCALE OV AVERAGE CALORIES REQUIREMENTS 




Adult male 

„ female 

Child 12 A 13 years 
„ lO&ll „ ... 

8. A 9 „ ... 

6cA 7 „ ... 

4cA 5 ... 

2 A, 3 

M OA. 2 „ ... 

1.0 2,600 

0.8 2,080 

0.8 2,080 

1 0.7 ' 1,820 

1 0.6 1,560 I 

0.5 1,800 

1 0.4 1 1,040 

! 0.8 : 780 

0.2 520 


The bulletin further suggests the following scale of pro- 
tein requirements as applicable to India. 


r ROTE I N REQUIREMENTS 


Age and Sex 

(Jo-oflicient. 

Grammes 
per day. 

Man, 18 to 60 

1.0 

i 

65 ; 

Woman, 18 to 60 ... 

0.85 

55 

Roy, 10 to 17 

1.2 

80 

Girl, 10 to 17 

Child, 6 to 8 

1.1 

70 1 

0.9 

60 ; 

Cliild, 2 to 6 

0.6-0.9 

40-50 j 


The League of Nations has drawn up the following state- 
ment about energy requirements : — 

(a) An adult male or female, living an ordinary every day 
life in a temperate climate and not engaged in manual work 
is taken as the basis on which the needs of other age groups 
are reckoned. An allowance of 2,400 calories net per day 
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is considered adequate to meet the requirements of such an 
individual. 

(6) The following supplements for muscular activity 
should be added to the basic requirements in (a) : — 

Light work : up to 75 calories per hour of work. 

Moderate work : up to 75-150 calories per hour of work. 

Hard work : up to 150-300 calories per hour of work. 

Very hard work: up to 300 calories and upwards per 
hour of work. 

Calories 

Pregnant woman ... ... 2,4dh 

Nursing woman ... ... 3,000 

This is considered to be definitely too high for Indian 
women.* 

In India 2,500-2,600 calories are considered to be about 
enough for the ordinary easy going agricultural coolie work, 
while up to 2,800-3000 calories per day are recommended 
for those doing heavy manual labour.* 

The main points that have been discussed may be sum- 
marised as follows : — 

1. Vegetable foods are rich in carbohydrates and vita- 
mins, and with some exceptions, deficient m fat and nitroge- 
nous substances. 

2. Vegetables are bulky, due to richness in starch and 
cellulose and to the large amount of water which they 
contain. 

3. Some that are compact in their raw state become 
bulky on cooking. 

4. They are less easily digested and less completely 
absorbed than animal foods, due to bulkiness and their 
tendenc.y to undergo fermentation in the intestines, with 
production of acid bodies which stimulate peristalsis. 

5. A pure vegetarian must either live upon a diet poor 
in protein or consume a large bulk. 

6. Meat, fish, egg, milk, chhana (casein), etc., may be 
used to supply the deficiency of the protein element, and for 
healthy persons a moderate use of fish, milk, curd, or meat 
may be of advantage. 

7. Both from a chemial and physiological point of view 
a purely vegetable diet (milk excluded) is apt to be deficient 
in protein element. 

8. A well balanced diet contains sufficient raw fruits and 
green vegetables supplemented by such animal foods as fish, 
milk or any of its preparations ; in fact two-thirds of the 
total protein may safely be taken in the vegetable form. 


•Health Bulletin No. 23 “The Nutritive Value of Indian Foods and 
the Planning of Satisfactory Diets, 1937. (Government of India). 



CHAPTER VIII 

VEGETABLE FOODS 

Thk most prominent feature of vegetable foods is the large 
proportion of carbohydrates which they contain. But it 
must not be supposed that vegetable foods are merely car- 
bohydrates ; they contain almost all the vitamins, protein 
and fat ; and some, especially the pulses, are rich in protein,, 
while others, as nuts, are rich in fat. But vegetable foods 
as a whole, more than the animal foods, contain more re- 
presentatives of the three groui)s of nutritive substances. 

Vegetable proteins mainly belong to the class of globul- 
ins, and are dissolved in water with a little sodium chloride. 
Nucleo-proteins are less in vegetable substances than in 
animal tissues. But vegetable proteins are comparatively 
poorer in carbon and richer in nitrogen. 

Both animal and vegetable proteins are coagulated by 
heat and rendered less digestible by cooking, and while 
cooking diminishes the digestibility of animal foods it in- 
creases the digestibility of vegetable foods. This is due to 
the fact that animal food contains chiefly proteins, while 
vegetable food contains proteins to a less extent than car- 
bohydrates in the form of starch, which as we have seen 
(page 175) is rendered more easy of digestion by cooking. 

Vegetable fat is the most concentrated of all the non- 
nitrogenous materials that are evolved in plants, and is one 
of the most convenient forms in which such materials can 
be stored. It resembles animal fat in composition and is 
produced by the action of fatty acids upon the basic glycerol 
radical. 

Vegetable fat is of great importance in the economy of 
the human race. A necessity of existence in all cold coun- 
tries, fat, in the shape of oil or butter, is largely consumed 
as human food. Excepting olive or such other vegetable 
oils, the majority of fats consumed are derived from animal 
sources ; with the exception perhaps of ghee in India, the 
greater number of oils used in the tropics are of vegetable 
origin. The vegetable oils are expressed from various seeds 
and are used for cooking. The oils chiefly used are derived 
from the mustard seeds, ground nut {Arachis hypogea), co- 
coanut, soya bean, til or sesame. 

Vegetable oils are poor in vitamin A, and most of the 
vegetable ghee or butter contain none, being destroyed by 
the process of hardening. 

Carbohydrates of vegetable food exist chiefly in the 
form of starch and sugar. It is in the form of starch that 
carbohydrate is stored up in the plant, and this abounds in 
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all plants, particularly the seeds of cereals and legumes, and 
in potatoes and other tubers. Starch is more appropriately 
the surplus carbohydrate and cannot be utilised as such by 
the plant. It is in the form of sugar, tlie soluble carbo- 
hydrate, that it circulates in plants. VYhen needed by the 
plant, part of this starch is converted into sugar by the 
ferment diastase, and circulates in the plant just in the 
same way that it undergoes changes in the human body. 
Starch being insoluble in water is stored up in the plant ; 
and is a more concentrated form of carbohydrate than 
sugar. 

In boiling water the starch grains swell and burst and 
form a gelatinous solution. By cooking, these starch gra- 
nules are broken up to be more easily acted upon by the 
digestive juices. Just as proteins, the nutritive constituents 
of meat are enclosed in minute tubes of connective tissues, 
so also starch, the chief ingredient of vegetable food, is 
enclosed in a network of cellulose. Gellulose is a carbo- 
hydrate but is resistant to the action of digestive juices. 
When old it becomes woody. It is obvious, therefore, that 
it must present a great obstacle to the penetration of the 
digestive juices. 

The common forms of vegetable food may. be divided 
into : (1) Cereals, (2) Pulses, (3) Boots and Tubers, (4) 
Oreen Vegetables, and (5) Fruits and Nuts. 

1. CEEEALS 

Cereals belong to the tribe of grasses, and the use of the 
seeds is widely spread over all parts of the globe as a valu- 
able article of food. Of these, wheat is mainly used in 
Europe, maize in America, and rice, maize and millet in 
India. Cereals not only contain a large quantity of nutritive 
material condensed in a small bulk, but also a considerable 
proportion of mineral substances, the most important being 
the phosphates of calcium, magnesium, potash, a small 
amount of iron and silica. The different nutritive ingredi- 
ents — protein, carbohydrate and fat — are represented in 
cereals ; they are, however, rich in nitrogenous substances, 
starch and cellulose, but poor in fat. 

The seeds are usually ground into meal when used as food. 
This process, besides reducing the hard seeds into powder, 
removes the outer indigestible coat which is composed of 
woody cellulose. 

Of the different cereals, maize is relatively rich in fat 
and slightly deficient in salts ; rice is very rich in starch 
but poor in nitrogenous substances, fat and mineral matter ; 
oats, on the other hand, are especially rich in fat and protein, 
and rank as the most nutritive of all cereals. Millets are 
inferior to wheat in the proportion of proteins, but superior 
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to .it in fat. But the preponderance of carbohydrates in 
all cereals precludes these being used alone ; in fact they 
should be eaten with other foods rich in fat and protein. As 
a rule they are very easily absorbed and are not only compact 
but possess high nutritive value, which places them in the 
front rank of all human foods. 

Mellanby* has pointed out that cereals interfere with 
the deposition of calcifying salts in bones and teeth. Of 
these oatmeal is the worst offender, although oats are far 
richer in calcium and phosphorus than white flour Avhich 
interferes least with tlie calcifying process. Intermediate 
between these are maize, rye, barley and rice. In other 
words, a greater deficiency of calcium and phosphorus in 
the body can be brought about by diets which actually 
contain more of these substances. These effects are anta- 
gonised by the presence of vitamin D, whether given in the 
form of diet or supplied to the body as the result of activa- 
tion of ergosterol in the skin by sunlight. 

McOarrison experimenting on rats has pointed out the 
stone-producing potency of different cereals, viz. wheat, 
millet, rice and camhu or hajri, which form the staple food 
of India. Me has shown that a diet containing 9 parts of 
cmnhn did not cause stone within 515 days ; whereas one 
containing the same quantity of whole wheat flour (aitn) 
caused stone in 31.7 p.c. of the rats led upon it within 351 
days. Millet and rice liave approximately the same degree 
of potency, but less than oatmeal and still less than whole 
wheat flour. The presence of fat-soluble vitamins, such as 
are contained in whole milk, prevents the stone-producing 
effects of the cereals. 

The composition of some of the common forms of cereals 
is shown in the following table : — 



Gross 

Available 

Avl. 

(hirho- 

Mineral 

i 

Calories ; 


protein. 

protein. 

Fat. 

Hydrate. 

matter. 

per ounce. : 

Ojitmeal... 

15.0 

12.0 

7.0 

04 

2.0 

108 

Barley ... 

10.0 

8.0 

2.2 

09 

2.4 

97 

Millet ... 

8.2 

0.0 

4.2 

08 

1.7 

98 

Maize 

8.4 

0.7 

4.7 

72 

1.3 

101 

Rice 

7.7 

0.5 

0.4 

70 

0.4 

94 

Wheat .. 

12.0 1 

9.() 

1.7 

07.5 

1.2 

98 


W HEAT 

This is the most important of all the farinaceous seeds, 
and is extensively used all over the world. If a grain of 
wheat be cut and examined under the miscroscope the follow- 
ing may be distinguished : — 

* British Medical Journal, April, 12, 1930. 
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1. The germ or embyro — forming about per cent, of 
the entire grain. 

2. The kernel or endosperm — forming about 85 per cent, 
of the grain, and consisting of two large masses of nutritive 
material. 

3. The bran or the outer covering ; this is of darker 
colour than the interior and composed mainly of cellulose 
and mineral matters, forming about 13.5 per cent, of the 
grain. 

A grain of wheat, free from the husk, when ground bet- 
ween millstones and sifted is separable into and pour. 

Flour is divided into three portions : soojl is the coarse grain 
derived from the outer coat of wheat and contains a high 
proportion of proteins and vitamin B ; atta is the next layer 
of tiner grain ; and the line white flour or mania is produced 
from the innermost layer. Bran, however, is not devoid of 
nutriment, and is composed of nitrogenous matter 15 p. c. 
and fat 3‘5 p. c. The germ is esy)ecially rich in protein and 
fat, the endosperm in starch, and the bran in mineral matter 
and cellulose. Whole meal is made from entire grain. 

Flour when mixed with water forms a tenacious mass 
known as doughy from which macaroni, vermicelli, etc., are 
prepared. If on the other hand this dough be rubbed and 
washed with water on a tine sieve or muslin, there remains 
ultimately a white sticky mass behind, while the washed 
fluid contains starch, which on being allowed to rest falls to 
the bottom. The sticky mass is called ^‘gluten” and is the 
chief nitrogenous element of flour. The presence of gluten 
in wheat helps in the formation of bread, as it has suflicient 
coherence to remain spongy. 

Flours are of different qualities according to their coarse- 
ness, the coarsest kind being known as pollard or hran pour. 
Wheat atta used for the preparation of different articles of 
food should always be fresh. Good flour should be white in 
colour without any smell or odour, silky to the touch and not 
gritty. Fine white flour as prepared in mills is apt to cause 
constipation, and is of less nutritive value and contains less 
mineral salts. Flour should be stored in bags and kept on 
wooden platforms. 

‘‘Whole-raeaT’ with all the constituents of the grains is 
more nutritive, but the bran-cells are hard and indigestible, 
and often irritate the intestinal canal. It is, however, of 
great value to people suffering from chronic constipation. A 
‘‘decorticated whole wheat meaF’ is also prepared where the 
outer or more indigestible layer of bran is separated from 
the highly nutritive inner tunic. 

Prepauattons from Wjieat Atta and Flottu 

Bread. — This is the chief product of wheat atta, and is 
made by converting flour into a firm and porous substance. 
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ready for easy mastication, and while containing some 
water, is not moist or sticky. 

Bread is prepared by first forming a dough and then 
imparting the necessary property of porosity, which is essen- 
tial for easy digestion, either by generating within its 
substance or by forming without, carbonic acid gas. Genera- 
tion of gas within the dough is etfected by either of the 
following methods producing different varieties of bread. 

1. Fermented Bread , — When yeast is added to the dough 
fermentation ensues, CO 2 gas is generated and is entangled 
within the tenacious material which swells up into a spongy 
mass, being rendered porous and light. If at this stage it is 
placed in an oven and baked, fermentation becomes arrested 
and the whole mass hardens up into bread. The ferment 
generally used is yeast. When yeast or any other leaven is 
thus used the bread is known as leavened hread. 

2. Unfermented Bread. — Under tliis head is included 
such bread as is vesiculated by the use of baking powders for 
the evolution of CO 2 gas. Although it serves the purpose 
very well, it appears that the less chemicals are used for 
culinary purposes, the better. 

3. Aerated Bread. — When CO 2 instead of being generat- 
ed by fermentation within the dough is separately prepared 
and incorporated with fiour and water, aerated bread is 
produced. In this process no chemicals are used, and as it 
entails no handling, it is quite a clean and sanitary process. 
The bread keeps sweet and good for a longer time than 
fermented bread. 

A good bread contains about two-third of its volume of gas 
and of the solid part about 45 per cent, consists of water. 

Baking increases the digestibility of bread, the nitro- 
genous constituents are changed, and the starch granules 
are ruptured. Well-baked bread should have a yellowish 
brown crust, ahould be uniform in texture, and be permeated 
by minute cavities, but without eyes or large air-cells. The 
colour of the crumb, except in whole-meal bread, should be 
white and the bread should not taste acid or sour. With 
some stomachs even the best fermented bread disagrees, and 
for them the aerated bread may be recommended. 

Newly made bread is soft and tenacious, stale bread 
crumbles readily into separate particles. Being more pala- 
table and sweet, new bread, however, is generally preferred 
to stale bread ; btit it is less digestible as it gets clogged 
together during mastication, and when swallowed reaches the 
stomach in non-porous lumps, and consequently is not so 
easily acted upon by the saliva and the gastric juice. This is 
obviated by toasting, which renders the bread more friable 
and allows it to be more readily acted upon by the digestive 
juices. Toast should be thin and crisp and eaten soon after 
it is made. Weight for weight, bread is one of the most 
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nutritious of all our foods, and the fact that it is always 
oaten with butter, makes up for the deficiency of fat. 

Certain substances are often used as adulterants in the 
preparation of bread, the chief being alum. It is used to 
make the bread look whiter, but it also helps in the formation 
of a good dough when the lioiir used is either old or produced 
from badly ripened grain. The presence of alum is detected 
by adding to the crumb a mixture of logwood and ammonium 
carbonate solution, when a violet or blue tint is produced. 
But this test is unreliable when the bread is sour. 

BiscHits are made from flour and water. They contain 
little fat and very little or no water. Milk, sugar, butter, 
eggs and flavouring substances are sometimes added. They 
are more nutritious than bread. 

Busks are made like bread with milk, butter and sugar in 
addition. They are cut into pieces, roasted and thoroughly 
dried. They are like toast. 

Macaroni and mrnticelll are preparations of wheat. They 
are rich in gluten but x>oor in fat, quite nutritious and easily 
assimilated. They are usually pre|>ared with milk or cheese. 

three is whole wheat malted and cooked with steam. It 
is sold in the form of crisp flakes. ' 

Shredded wheat is easily digested and valuable for invalids. 
A preparation from wheat germ containing a large amount 
of vitamin B is sold under the name of Beniax. 

Chapaties. — These are non-aerated hand-made unleaven- 
ed breads prepared by first making the dough and then 
^spreading it over a smooth surface. They are of a circular 
shape and of thickness varying from that of a thick paper up 
to one-sixth of an inch. Chapaties are fried dry on a frying 
pan and then baked over fire. Prepared from good flour they 
are light and white, and when pro])erly baked they are 
blown out with air in the centre. During this process the 
starch granules swell and are made ready for easy digestion. 
As a rule they are eaten smeared with rjhee, thus making up 
for the deficiency in fat. Chapaties contain 0.7 p.c. gross 
protein ; 5.0 p. c. available j>rotein ; 1.0 p. c. available fat ; 
47.5 p. c. available carbohydrate ; 1.2 p. c. mineral matter ; 
and yield for every ounce (14 calories. As compared to this, 
bread yields gross protein 7.5 ; available protein 6.0 ; avilable 
fat 0.7 ; available carbohydrate 50.0 ; mineral niattar 1.0. 

Sooji or semolina is the coarse part of wheat grain which 
has been sifted after grinding. It is rich in vitamin B. It 
may be cooked with milk and sugar, or may be used as halooah 
by frying first with a little cfhee or butter and then adding 
sugar, milk and water. 


Rice 

This is most widely cultivated in the East and forms the 
staple food of the Indians. Properly, rice is })addy deprived 
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of fclie husk. Different varieties of rice are to be had in the 
market. They arc chiefly as follows : — 

(a) Atap rice. — In this variety the paddy is first soaked 
in cold water and then dried in the sun. Finally it is husked 
either by machinery or by Dhenki. 

(h) Bcilam rice. — Here the paddy is put in boiled water 
and kept for about 8 hours, it is then dried in the sun and 
husked by machinery. This rice is extensively used in 
Bengal. 

(c) Countru rice is prepared by soaking the paddy in 
water for 80 to 40 hours, and then transferring it into 
covered jars or cylinders, where it is steamed for 5 to 10 
minutes to burst open the husk. It is Anally removed and 
dried in the sun. It is then roughly husked, but a large 
amount of pericarp still remains. This rice is known as 
^‘parboiled,” ‘‘cured^’ or ^‘red” rice. 

{d) Rangoon rice, or the so-called white or over-milled 
rice is prepared from the unhusked j^addy which is milled by 
machinery, the husk with the pericarp and the outer layer 
of the grains being subsequently removed ; consequently it 
is of smaller size than country rice. 

(e) Home-made rice is made by soaking the paddy in 
cold water, or steeped or boiled and then sun dried. Subse- 
quently it is husked in a dhenki and not polished. 

Of all the cereal grains rice is poorest in protein, fat, 
mineral salts and vitamins. Parboiled or unboiled rice 
provides Just enough vitamin for the needs of the body, but 
when polished rice is used, most of the vitamins contained 
in the whole rice grain are removed with the outer layer, 
and therefore its exclusive use causes heri-heri. Kice does 
not contain vitamins A, C and D. Parboiling renders the 
rice grains tough, but proteins of the pericarp still remain 
even after husking. 

Its chief constituent is starch, and this exists in an ex- 
tremely digestible form. About 2^ ozs. cooked by boiling 
require 8^ hours for disposal by the stomach. But it is not 
the function of the stomach to digest carbohydrate ; it only 
performs the mechanical part and prepares it and sends it 
on to the intestines for Anal disposal. Kice is very complete- 
ly absorbed in the intestines. Being insipid, and only rich 
in starch, it is eaten with condiments and other foods rich 
in nitrogenous substances and fat, as pulses. Ash, ghee, etc., 
to supply the deAciency of protein and fat. 

Good rice should be entire, clean and well-husked, and 
non-fermenting, nor be mixed with any gravel or earth. It 
should preferably belong to the last harvest but one before, 
as new rice is apt to cause indigestion and diarrhoea. Rice 
which has been sown on swampy grounds and which has 
not been transplanted, and which comes to maturity at the 
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-close of the rainy season, frequently gives rise to gastro- 
intestinal troubles. 

Composition of Bice* 



Unpolished 

1 ^- 

Parboiled 

Polished 

Rice bran 

Vitamin B ... 

+ 

+ 

low 

+ 4 - 4 - 

Protein 

9% 

7.68% 

6.% 

Higher 

Fats 

1.65% 

2 to 2.5% 

0.25 to 0.5% 

22-24% 

Phosphorus 

Protective 

0.54% 

0.58% 

0.25 to 0.38% 

3.2% 

outer coat 

j Fre.sent 

1 

Present 1 

Absent 



Eice should be stored in dry and well-ventilated rooms 
having impervious floors. When kept in hot and damp 
places, it ferments and develops a rice bacillus which invades 
the rice grain and acts on the carbohydrate and protein 
with production of toxins. This was suggested by Acton 
to be a possible cause of epidemic dropsy. When the rice 
becomes so ‘'‘diseased’^ it can be detected^by the appearance 
of a white opaque spot especially when the rice is put in a 
shallow vessel of water. Eice can be preserved by occasional 
exposure to the sun and by mixing lime with it. Active 
fermentation may be detected by putting the hand inside 
the bag of rice, when it will feel warm. 

Eice when under-kept boils thick in the grain and is so 
gummy that the grains stick together, but when of good 
quality and condition the grains elongate remarkably by 
boiling ; they do not stick together, and they have a pleasant 
mealiness in the mouth. 

Eice is not infrequently tampered with by traders, and 
old and new rice, or rice of different qualities are often 
mixed together, and chalk powder and lime are usually 
added to give it an uniform appearance. 

Cookinfj of rice . — Eice should be lightly washed in cold 
water before cooking. Boiling is the common method of 
eooking, when the rice grains swell and become soft. These 
are then strained and the water thrown away. This causes 
loss of vitamin B which is soluble in water. New rice can 
be cooked in about half an hour, while old rice takes almost 
double the time and keeps good for more than twenty-four 
hours after cooking. By the process of boiling some of the 
proteins and mineral salts are also lost. The more economical 
method of cooking rice is by steaming as then the protein 
and salts are not dissolved out. 

JOiichri . — In this process rice and dal are boiled together 
to a thick consistency with the addition of ghee and condi- 

* After Greig, Fraser and Stanton. 
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ments. In the preparation of khichri the water is not 
rejected. This is not only highly nutritious but palatable 
U/nd appetising. 

Barley (Jo/>).— This is very nutritious and is characterised 
by its richness in mineral matter. It is rich in nitrogenous 
matter, which exists in the form of casein and albumin, but 
the amount of gluten present is very small, and consequently 
barley meal is not so well suited for making bread. The 
grains deprived of husk form Scotch or Pot Barley, but when 
all the integuments are removed and the grains are rounded 
and polished, they form Pearl Barley, and when ground to 
powder they are sold as so-called Patent Barley. It is chiefly 
in the form of pearl or patent barley that it is used as human 
food. 

Malt is barley in an incipient stage of germination. 

Maize or Indian Corn (Makkai or Bhutta).^Th\& ground 
to powder forms part of the diet in some parts of India and 
in certain Indian jails and is as nutritious as wheat and is 
richer in fats than all other cereals except oats. It contains 
9.55 per cent, of protein, 66.20 per cent, of carbohydrate, 
2.80 per cent, of fat, and 11.50 per cent, of water. It will 
be seen that maize is rich in carbohydrate but poor in protein 
specially in the essential amino-acids such as tryptophane. 
It is deficient in vitamins, the antiscorbutic and antipelJagra 
factors being completely absent. Moreover the amount of 
essential mineral salts is very small. It is deficient in gluten 
and does not form bread, but when mixed with milk, eggs, 
and other flours, forms wholesome and nutritious puddings 
and cakes. As it contains a large amount of fatty or oily 
matter it is used fpr fattening animals. An exclusive diet 
of maize protein, owing to its low biological value, has been 
suggested as a possible cause of pellagra {see p. 184). 

Corn flour is maize flour that has been deprived of its 
peculiar flavour by a weak solution of soda. 

Millet (Joar). — This forms an important food grain in 
many parts of the tropics, specially Africa, India, the West 
Indies and China. The seeds are ground and generally eaten 
in the form of porridge or cakes. The nutritive value is 
midway between wheat and rice. 

Oats.— These form a highly nutritious food, and though 
rich in nitrogenous principle they are not considered equal 
in nutritive value to wheat flour. Oats are deficient in 
vitamins A and D and should be eaten with plenty of milk. 
It is also defleient in gluten, and therefore cannot be vesi- 
culated and made into light bread. They are not so easily 
digested by those unaccustomed to their use. As porridge, 
oatmeal is very widely used by Europeans, while in the 
form of gruel it makes a nutritious and agreeable beverage. 
With some, oatmeal gives rise to a certain amount of heat- 
ing effect, said to be due not so much to the presence of 
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nitro^^eaous substances as to a special substance to which 
the name ‘‘avenin’^ is given. 

Metabolic Auj ustmenivs on a Eice and Atta Diet 

Apart from the relative nutritive value of these two 
cereals they differ in certain quantitative adjustments which 
each causes in the living body and which may be of signifi- 
cance. These two cereals differ in what may be called for 
want of a better name their physical and metabolic texture. 
An atta diet is usually consumed in a more or less dry form 
as chapatti, bread, etc., while an equivalent amount of rice 
contains much more moisture and is hence somewhat bulkier. 
The quantity of fluid consumed and urine excreted on a rice 
diet are almost double that with atta. The salt intake also 
tends to be greater on a rice diet but this does not appear 
to explain completely the amount of fluid turnover. On the 
other hand the excretion of calcium and phosphorus is 
greater on an atta diet on account of the greater ash con- 
tent of this cereal. Rice therefore causes a greater fluid 
reserve hence turnover than does atta. Not altogether a dis- 
advantage in the tropics. These features may not be Avithout 
significance in relation to the formation^of stone in the 
bladder which is common amongst those eating atta and 
possibly the tendency to the production of oedema in beri- 
beri and epidemic dropsy whicli is noted among rice eaters. 
It seems possible that Nature has not altogether been un- 
kindly in providing rice in the tropics and Avheat in the 
temperate zones. An increase in the consumption of atta 
among rice eaters and vice versa among those taking atta 
would appear to be logical conclusion from the broad 
hygienic point of view, apart from the nutritive superiority 
of a mixture of both cereals in the diet. 

II. PULSES 

Pulses belong mostly to the leguminous order, and are 
richer in nitrogenous substances than any other vegetable 
food. This is due to the presence of vegetable protein, com- 
monly called legumin or vegetable casein. Pulses are used 
in India chiefly in the form of dais, of Avhich there are many 
varieties, viz. moong^ malar, arhar, etc. Owing to their 
richness in protein, pulses are sometimes called ‘^Poor man's 
beef ^ ; indeed for the large proportion of protein they 
contain pulses are used in conjunction with other foodstuffs 
rich in starch, e.g. rice. The nitrogenous ratio in pulses 
varies from 1 to 2 or I. They also contain salts of potash 
and lime, and sulphur. As compared with cereals, these are 
less easily digested, and may produce a feeling of heaviness, 
and not infrequently give rise to much flatus. In the fresh 
state they contain vitamins A,B, and C. 
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In the dried condition pulses have no antiscorbutic pro- 
perties. If however the dried seeds are soaked in water and 
allowed to germinate for a day or two they redevelop) the 
antiscorbutic vitamin. They contain very little vitamin A 
but are rich in vitamin B. Most imlses are taken after cook- 
ing, although the green ones may be eaten raw. Lentils 
are rich in vitamin B and contain a large amount of nitro- 
genous substances and are rich in iron and phosphate of 
lime, and have the advantage over peas in not containing 
sulphur, and thus not giving rise to the objectionable hy- 
drogen sulphide in the intestines. Khesari dal (Lafhyrus 
saf ivus) gives rise to a train of symptoms when eaten for a 
long time, known as lathijriasis. The symptoms are spastic 
paralysis of the lower limbs with increased knee jerks. 
The disease is very common amongst the poor who live 
chiefly on powdered khesari dal. Howard, Simonsen and 
Anderson* have shown that the paralytic symptoms were 
due not to khesari dal but to the presence of the grains 
of akta or akri ( Vicia saliva). These results have subse- 
quently been corroborated by Acton and Chopra. 

The composition of common forms of pulses : — 



Protein. 

0. hydrate. 

Fat. 

Water, 

Mineral 

matter. 

Peas (green) 

4.0 

10.5 

0.5 

78.1 

0.9 

V (<lry) 

21.0 

01.4 

1.8 

13.0 

2.00 

Beans (dry) 

25.5 

50.4 

1.7 

13.1 

3.3 

Lentils 

23.2 

60.4 

2.0 

11.7 

2.7 

Kalai ... 

22.58 

58.02 

1.10 

10.87 

3.61 

Moong 

23.02 

53.45 

2.09 

10.87 

3.57 

Grain 

19.94 

51.13 

4.31 

10.07 

3.72 

Arhar ... 

21.07 

54.27 

3.33 

10.08 

5.50 

Mussnr 

25.47 

55.03 

3.00 

10.28 

3.33 

Soyabean 

32.9 

33.1 

18.1 

11.0 

4.9 


Pulses should be well washed and husked before cooking. 
In the absence of animal food they are usually taken with 
rice, and being poor in fat they may with advantage be used 
with other fatty foods, or cooked with (jhee or oil. They are 
rich in pnrin bodies, and should therefore be avoided by 
persons with a gouty diathesis. 

When used as a source of antiscorbutic vitamin, the pulses 
should be entire and not husked or slit, otherwise they will 
die and germination will not take place. The peas or lentils 
should fl^rst be soaked in water for 24 hours, when they 
absorb 100 p.c. of water and the process of germination 
commences, and the antiscorbutic vitamin begins to appear. 
If however the germination is continued for 24 to 48 hours 
the amount of vitamin is considerably increased. This is 

Jour. Med. Eesearchy 1925, April, 613, 

14 
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daae by pouriag off the excess of water and allowing the 
seeds to remain damp with access of air. These germinated 
pulses may then be cooked. Boiling should not be pro- 
longed beyond the time required for rendering them soft 
and palatable, having regard to the sensitiveness of the 
antiscorbutic vitamin to high temperature. 

Soya bean is extensively used in China and Japan and 
forms the chief source of protein. It is richer in mineral salts, 
chiefly calcium, magnesium and phosphorus than wheat, and 
contains an abundance of vitamin B, a fair amount of A 
and also C and E. Since it contains a low carbohydrate it 
is useful in diabetic diets. The protein, glycinin, resembles 
casein in being a complete protein, but it does not form 
heavy curds. A milk from soya beans is prepared by a 
special process and which is modified to resemble the com- 
position of cow’s milk by the addition of maltose, a little 
oil and tomato juice and by subsequent irradiation. This 
contains protein, 3,5 p.c.; fat, 5 p.c.; carbohydrate 5.6 p.c. 
The milk in its various forms has been used with benefit 
in all types of intestinal disorders.* 

The question of supplementing inadequate Indian diets 
was investigated by Aykroid and Kri8hnan,t the supple- 
ments were 1 oz. of dried milk (equal to 8 oz. of liquid) 
daily, or oz. of of soya bean daily. One method was 
to weigh and measure groups of suitable children of whom 
some received the supplements to bo tested while others acted 
as controls ; the other method was to reproduce as exactly 
as possible the supplemented and unsupplemented diets and 
to compare the growth-rates of rats receiving these. There 
was an increase in weight and height among the children 
receiving skim-milk, compared with the negative controls, 
but no benefit to those receiving soya bean. An improve- 
ment in general condition, a lessened liability to illness, 
and an increased vitality was also conspicuous. In view of 
the fact that cultivation of soya bean has been advocated as 
being perhaps the key to the nutritional problem of India 
this finding is interesting. 

III. BOOTS AND TUBEES 

These may be regarded as reserves of nutriment for the 
use of the plant itself, existing chiefly in the form of starch; 
protein and fat being practically absent. Tubers are 
largely used as food, but are much inferior to either cereals 
or pulses in nutritive value, containing as they do a rela- 
tively large amount of starch and very little protein. Of 
the small amount of nitrogenous material a very small part 
exists in the form of protein. These are, therefore, not 

•Miller and Wen, Chinese Medical Journnl,^ 1936. 

fAykroid and Krishnan, Indian Jour, Med, Res. 24 : 1937. 
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suited to form the main part of any diet. They are rich in 
mineral matters, chiefly salts of potash, which give them a 
greater value as an article of diet. They contain vitamin 
C, less of vitamin B than the cereals, and very little vitamin 
A, except those that contain a pigment, such as carrots. 

Digestibility of root tubers depends largely upon the 
amount of cellulose, but, as a rule, they are very indifferent- 
ly absorbed and are prone to derange the stomach and 
intestines if consumed in large quantities. 

Composition of the commonly used roots and tubers : — 



Water. 

Protein. 

Carbo- 

hydrate. 

Fat. 

Ash. 

Extrac- 

tives. 

Potatoes 

76.7 

1.2 

19.7 

0.1 

0.9 

1.4 

Carrots 

85.7 

0.5 

10.1 

0.3 

0.9 

1.0 

„ (cooked) ... 

93.4 

0.53 

4.47 

0.17 

0.14 


Turnips 

90.3 

0.9 

1 6.8 

0.15 

0.8 

i.i 

„ (cooked) 

97.25 

0.32 

1 1.67 

0.06 

0.32 


Radish 

90.8 

1.4 

! 4.6 

0.1 

0.7 


Beetroot 

83.9 

0.5 

14.0 

0.1 

0.9 

1.0 

Onions 

89.1 

1.6 

8.3 

' 0.3 

i 0.6 j 


Sweet Potatoes 

72.9 

1.6 

24.3 

0.5 

0.7 



Potatoes 

The potato is universally used as a wholesome, pala- 
table, and popular article of food of much nutritive value. 

The potato is a valuable antiscorbutic, due chiefly to the 
presence of vitamin C. Valuable and wholesome as the 
potato is, it is nevertheless unsuited for weak stomachs 
owing to the presence of large amount of starch. The 
digestibility of potatoes depends also on the manner in 
which they are cooked. 

During boiling the albuminous juices are coagulated, the 
starch granules swell up by absorbing water, the cells in 
which they are contained break down, and the potato 
assumes a mealy or floury appearance. When mealy, the 
potato is easily digested, and new potatoes, being less mealy, 
are not so easily digested. Dry heat, as baking, converts 
the starch into a soluble form and finally into dextrose. 

Steaming is better than boiling, but the skin should not 
in either case be previously removed. The antiscorbutic 
vitamin is destroyed by prolonged heating. Potatoes boiled 
in their jackets are digested one hour earlier than when 
boiled without the skin. About 46 p.c. of total nitrogen 
together with the mineral salts are lost when potatoes are 
first peeled and then boiled. 

Sweet Potato. — This may be used in place of the ordi- 
nary potato. It is rich in starch (16 per cent.) and sugar 
(10 per cent.). When boiled it becomes very soft and forms 
a wholesome and useful food. 
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Arrowroot, — This is a preparation from the tuber of 
Maranta arundinacea, and contains about 82^ per cent, of 
pure starch. It forms a pure and simple starchy food of a 
bland unirritating character, valuable for invalids. 

Tapioca and Sago. — Sago is obtained from the pith of 
sago palm. The starch grains are large, irregular, with ill- 
detined concentric lines. Tapioca is also pure starch 
obtained from the tubers of Manihot utilissima. 

Sago, arrowroot and tapioca are all agreeable and easily 
digestible forms of pure starchy food, used chiefly for 
invalid cookery. They are also used in the preparation of 
pudding, etc. Alone, they have a very limited nutritive 
value but may with advantage be added to either milk or 
soup, which are rich in proteins. They rank amongst the 
most completely absorbable of all foods. 

Carrots, beetroot, radish, etc., are roots of a succulent 
character and are used as fresh vegetables. 

Examination of Starch 

Place a droji of water on a clean glass slide and add a 
portion of the starch powder and mix. Put on a cover 
glass and examine under the microscope fof — (1) shape, 
(2) size, and (3) presence or absence of hilum and striations. 

The starch granules of potato and arrowroot are larger 
and oval with well-marked concentric rings or striae and a 
distinct hilum, which in potatoes is at the smaller end. 

The outline of the starch granules of sago and tapioca 
is semi-faceted with a hilum and ill-delined rings. 

IV. GEEEN VEGETABLES 

These have a very low nutritive value, and are used not 
so much for their nutritive principles as on account of the 
important mineral elements — calcium, sodium and chlorine — 
which they contain. They form salts which act as ‘^bufters'^ 
and maintain the proper alkalinity of the blood by balancing 
the acid producing tendencies of meat and cereal grains. 
They contain vitamins A, Bi, B 2 and C ; and whenever 
possible they should be eaten raw as salad. Some give an 
agreeable flavour to the food and help digestion, and are 
useful as condiments. Cabbages and onions are about 
equally useful for the prevention of scurvy ; but desiccated 
vegetables are almost useless for the prevention of experi- 
mental scurvy even when they are dried at low temperatures 
(300 to 370 C). 

Green vegetables form an agreeable diversity in our 
food and give relish to other foods. They consist of leaves, 
buds, young shoots, leaf stalks, and often the entire plant. 
They contain about 90 per cent, of water and from 1 to 
4 per cent, of nitrogenous material and of this again about 
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half only consists of protein. The dehciency of fat is often 
made up by cooking* them in oil or ghee, and thus prepared 
they act as valuable vehicles for carrying fat into the sys- 
tem. Green vegetables are rich in celiulose which offers a 
resistance to the action of digestive juices, but the indiges- 
tible residue in the intestines acts as a ^^ballast’^ and stimu- 
lates the intestinal action ; consequently they are of great 
value in cases of chronic constipation. Vegetables should 
have the stalks and midribs removed before being prepared 
for food, and the cooking should be thoroughly j^erformed 
to seperate the fibres. It should be noted that the real 
nutritive value of fresh vegetables, which is very low, 
becomes still less by cooking, and a large part of the rem- 
nant which reaches the intestines escapes absorption. 

Composition of some commonly used vegetables : — 


Water. 

1 

Protein. 

Fat. 

(Carl>o- 

hydrate. 

Mineral 

matter. 

('abbage 

89.fi 

1.8 

0.4 

fi.9 

1.3 

(Cauliflower 

90.7 

2.2 

0.4 

5.9 

0.8 

Tomatoes 

94.8 

0.9 

0.4 

3.9 

0.5 

(Celery 

94.5 

1.1 

0.4 

3.3 

1.0 

Watercress 

98.1 

0.7 

0.5 

3.7 

1.3 

(Cucumber 

95.4 

0.8 

0.2 

3.1 

0.5 

Asparagus ... | 

94.0 

1.8 

0.2 

3.3 

0.7 

Lady \s finger ... ; 

90.4 

1.9fi 

1.4 

5.72 

0.8 

Brinjals ... ! 

93.98 

0.89 

0.94 

3.48 

0.20 

Red gourd ... 1 

93.40 

0.90 

1.0 

3.9fi 

0.7 


From the above it is evident that most vegetables con- 
tain a very small proportion of carbohydrate, and so they 
may be used by persons suffering from diabetes. Aspara- 
gus has a diuretic effect, and imparts a peculiar odour 
to the urine due to a volatile sulphur compound produced 
from it in the intestine (Hutchison). Onions, garlic, and 
many of the lily tribe are used chiefly as condiments. The 
volatile oil present is excreted with the various excretions, 
and imparts its odour to the breath, urine, etc. 

Cauliflower is more easily digested than any other form 
of vegetable and may be used by dyspeptics. Cucumber is 
very indigestible, but its agreeable flavour and cooling pro- 
perties have given it a great popularity. When young it is 
often eaten raw with salt, or as salad with vinegar, lemon 
juice, salt and pepper. 

V. FEUITS AND NUTS 

From the nutritive point of view, fruits have been divided 
by Hutchison into ‘‘Food Fruits^’ and “Flavour Fruits.’^ The 
latter are used chiefly for the sake of sweetness and flavour. 
Like fresh vegetables fruits are used because of the impor- 
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tant mineral salts they contain. These exist chiefly in the 
form of salts of potash combined with vegetable acids which 
reinforce the alkaline reserve of the body. The nutritive 
value of fruits depends on the presence of a carbohydrate, 
which exists in the form of sugar commonly known as 
Icevulose or fruit sugar. 

The difference in all fruits as regards the digestibility 
depends on the nature of the fruit and the degree of ripe- 
ness. Certain chemical changes take place during the 
process of ripening. As the process begins, the fruits cease 
to grow, absorb carbon and give off oxygen, acids and 
astringent substances become less, and the starch is convert- 
ed into sugar. The presence of an excess of acid in the 
unripe condition often irritates the bowels and may set up 
diarrhoea and colic. 

Fruits which afford the most nutriment are the banana, 
date, flg, grape, mango, etc. This is due to the large propor- 
tion of sugar which they contain. The antiscorbutic pro- 
perty is possessed by certain fruits which are rich in vitamin 
C and salts of potash, lime and magnesia, e.^., tomato, 
apple, lemon and orange. Fruit eating lessens the acidity 
of the urine or even may render it alkaline, owing to de- 
composition of various alkaline salts in the blood or tissues 
which are converted into alkaline carbonates. 

Grapes are of great value and their use is directed to 
various purposes. The juice of ripe grapes contains grape 
sugar, bitartrate of potash, tartrate of lime, malic acid and 
water, but the amount varies with different varieties. 
Grapes are largely used as food, and are among the most 
agreeable, wholesome, and nutritious of all fruits. Being 
refreshing and cooling they may be taken by invalids, but 
the skin and the seeds should always be thrown away, for 
they are apt to set up irritation of the bowels. 

Dried grapes are called raisins, and contain more sugar 
and less acid and arc less digestible. With milk they are 
often taken as gentle laxatives. 

The plantain or banana belongs to the class of food fruits. 
These are most extensively cultivated in India. Plantains, 
both green and ripe, are largely eaten in India. The ripe 
plantain forms an agreeable and delicious fruit, and is often 
used as dessert. It contains a relatively high percentage of 
nitrogen, nearly 5 parts per hundred of the entire fruit, or 
one-fifth of the total solids. In the unripe state, when 
cooked with other vegetables, it is used as a nutritive article 
of food. Dried and ground to powder it constitutes what is 
called plantain meal or banana flour. This is used as a 
nutritive food especially suited for invalids. It contains 
proteins 4.0 per cent., fat 0.5 per cent., carbohydrate 80.0 
per cent., mineral matter 2.5 per cent., and water 13.0 per 
cent. The finest banana flour, called ^%ananosef^ at the end 
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of one and a half hour of pancreatic digestion develops twice 
as much sugar as the same quantity of oatmeal. Made into 
a thin gruel with water or milk it constitutes a highly nutri- 
tious article of diet. 

‘‘Bael/’ either fresh or in the form of sherbet, preserves 
or as dietetic bael powder, is very useful in dysentery and 
forms a cooling and agreeable drink in hot weather. Eipe 
bael is a mild laxative. 

The mango is one of the most highly prized of all fruits^ 
It is palatable and nutritive. When unripe, it is used to 
make pickles, tarts and preserves, and sweetened with sugar 
it is made into “chutney.” When ripe it is wholesome and 
agreeable, but causes looseness of the bowels and should not 
be eaten when there is diarrhoea. Dried mango slices are 
known as Amchur, and are said to be of use in scurvy. 

Oranges are an exceedingly useful article of diet espe- 
cially for invalids. The fresh juice allays thirst, and is well- 
borne in cases with much gastric irritation. Orange juice 
is a mild laxative for infants, and is the best remedy for 
infantile scurvy. 

Pineapples are very common in India. They are very 
wholesome, and the juice of the ripe fruits contains a ferment 
capable of digesting proteins. Three ounces of the juice will 
dissolve 10 to 15 grs. of dried albumin in four hours. 

Melons, cucumbers, apples, apricots, etc., are also used 
and form delicate fruits for the table. 

Nuts differ from the above fruits in that they possess 
higher nutritive value, being rich in proteins and fats, but 
are not so easily digested, because they contain much cel- 
lulose. In fact the real nutritive value of nuts is so great 
that they can very well replace meat. They are rich in 
vitamin B, contain very little vitamin A, and no vitamin C. 

Water chestnut (Paniphal) grows extensively in India on 
the surface of lakes, tanks, ponds, etc., and forms a staple 
food in Kashmere. The fruits are nutritive and cooling, and 
are eaten fresh. The dried fruit powdered is used as an 
invalid’s food when cooked with milk. The dried powder 
contains protein 8.6 p.c. and carbohydrate 74.7 p.c. 

Cocoanut, walnut, almond, etc., are very widely eaten 
in India. Nuts contain less carbohydrate, and are better 
suited for diabetics. Oocoanut water is cooling and refrige- 
rant, and is a very useful drink during fatigue and thirst. 
The milk obtained from the ripe kernel by scraping and ex- 
pression is rich in fat and protein. The kernel is a valuable 
food and is utilised in the preparation of different kinds of 
Indian delicacies. 

Fruits are laxatives and valuable antiscorbutics due to 
the presence of antiscorbutic vitamin. Papaya helps the 
digestion of proteins, for which purpose green papaya is 
often used. 
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Gross 

Protein. 

[ 

Available 

Protein. 

A V. 
Fat. 

Av^ailable 
C. hydrate 

Mineral 

Salts. 

Calories 
per oz. 

Apples 

0.3 

0.2 

0.3 

10.5 

0.3 I 

13 

Banana 

0.8 

0.6 

0.42 

14.2 

0.7 ! 

19.2 

Cucumbor 

0.8 

0.6 

0.2 

3.0 1 

0.5 

4.8 

Figs 

1.4 

1.1 


17.0 1 

0.6 

22 

Grapes ... 

1.0 

0.8 

iVo 

14.4 

0.5 

21 

Apricots 

Water- 

1.0 

0.8 

0.5 

12.0 

0.4 

18 

melons 

1 

0.2 

0.15 

0.1 

2.7 

0.2 

3.8 


Fresh fruit juices appear to be among the most valuable 
of the antiscorbutic materials. When they are preserved 
their value as such is doubtful. Thus it was found that lime 
juice issued in Mesopotamia up to the end of 1916, during 
the war, had no antiscorbutic value, which arrived there 
after a long journey overseas and was probably over six 
months or more old when issued. It appears that the anti- 
scorbutic vitamin gradually disappears on keeping. 

SUGAK 

Sugar is an important article of diet and is obtained 
from the sugar-cane, beetroot, maple tree, date palm, etc. It 
contains about 94 per cent, of saccharose and about 2 per 
cent, of water, and one gramme yields 4.1 calories of energy. 
Good sugar should be of a white colour, crystalline, soluble 
in water, and not moist to the touch. Unpur iiied sugars 
contain nitrogenous matters which on decomposition fer- 
ment. It is used as a sweetening agent and enters largely 
in the preparation of delicacies, syrups, etc. 

Honey 

Honey is the most familiar form of invert sugar and con- 
sists of the saccharine substance collected by bees from the 
nectaries of flowers and deposited in the cells of the honey- 
comb. Honey differs from ordinary sugar in containing more 
dextrose and Ijcvulose than saccharose. The flavour is due 
to the presence of volatile substances in the flowers. It 
is largely adulterated with glucose, starch and cane sugar 
and imitated by adding a piece of genuine honeycomb to a 
jar of glucose syrup. Under the microscope pollen grains 
will always be found present in genuine honey. 




CHAPTER IX 

ANIMAL FOODS 

Animal foods include meat, poultry, game and offal, gelatin 
and other foods j^repared from it, lish, eggs, and milk and 
its preparations. 

Meat consists of muscle libres held together by connec- 
tive tissue. The libres contain muscle plasma or muscle juice, 
and this is made up of water holding in solution nitrogenous 
substances, salts and extractives. The salts are chieliy chlo- 
ride and phosphate of potash. About 15 per cent, of ordinary 
butcher’s meat is inedible, being made up of cartilage, ten- 
don, etc. 

The proteins of meat are myosin, muscle albumin, and 
haemoglobin. Eicjor mortis is due to the clotting of myosin, 
which makes the meat tough. But acids soon develop and 
soften the myosin, which make the meat more tender and 
give it a better flavour. Meat should therefore be eaten 
after rkfor mortis has ])assed away. 

The connective tissue of meat yields gelatin on boiling ; 
and this gelatinisation is the result of conversion of collagen. 
The acids which are developed improve the flavour of the 
meat. 

Connective tissues are more abundant in old animals 
than in young ones, consequently the meat of old animals 
is tough and requires mure cooking. The amount of hieino- 
globin varies in different animals. As it contains iron it 
is of great value in supplying that element. The important 
mineral matters are phosphorus and potash. 

Fat is often imbedded in the connective tissues, but 
the amount varies in different animals. Pork and highly 
fatted beef and mutton contain an excess of fat. Fat is also 
found in swimming birds who require a large store to lighten 
the body and as a source of heat. A large amount of fat 
hinders digestion and absorption of meat possibly by forming 
a coating around the fibres thus interfering with their solu- 
tion by the digestive juices. But the fatter the meat the 
poorer it is in water ; in other words, fat replaces water but 
not the proteins. 

Extractives are substances contained in solution in the 
meat juice. The real chemical composition of the extractives 
is not well understood. They have none of the nutritive 
value of meat, but are of use in giving the peculiar flavour 
and taste. Thus when meat is boiled for a prolonged period 
the flavour disappears and the meat becomes insipid by the 
removal of these extractives. 
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The percentage composition of the important animal 
foods used in the tropics is given below : — 



Protein. 

Fat. 

Carbo- 

hydrate. 

Salt. 

Water. 

Beef (average) 

20.96 

5.41 


1.14 

72.03 j 

Mutton 

17.11 

5.77 


1.33 

75.99 1 

Fowl (lean) ... 

19.72 

1.42 


1.37 

76.22 1 

Fish 

16.0 

5.0 


1.0 

78.0 i 

Milk (cow) 

4.20 

3.70 

4.’50 

0.7 

86.0 1 

Cheese (Dutch) 

28.21 

27.83 

2.50 

4.86 

36.60 

Bggs 

12.55 

12.11 

0.53 

1.12 

73.47 ! 

Butter (fresh) 

2.00 1 

85.00 


1.00 ! 

12.95 ' 


Inspection of Animals 

Animals must be kept under observation in a stock yard 
or cattle mart for at least 24 hours, preferably longer, before 
being slaughtered. During this period they must bo fed 
and watered. They should not be too old nor too young. 
The composition, llavour, digestibility, etc., of meat differ 
with the species, age, sex, and part of the body. ^A good ox 
should weigh between 600 and 1200 lbs. and should be from 
2 to 8 years old. In India a gram-fed sheep weighs about 
35 lbs. and yields about 18 lbs. of meat, and an ordinary 
country sheep weighs about 25 lbs. 

Roughly the weight of an animal in pounds can be deter- 
mined by the following formula : — 

f(5L+G2). 

L = the length of the trunk from front of the scapulee to 
the root of the tail. 

G = the girth of circumference just behind the scapulse. 

Add to the weight thus obtained ^\jth of the weight for 
very fat animals, and deduct the same amount for very lean 
ones. 

The animal is divided into carcase and offal ; the former 
includes the whole of the skeleton with the exception of the 
head and feet, with the flesh, membranes, vessels, and fat as 
well as the kidneys and fat surrounding them ; while the 
latter includes the head, feet, skin, and all the internal 
organs except the kidneys. Sixty per cent, of the total 
weight of an animal can be utilised as food, and five per cent, 
more in the case of fat animals. 

The age of an animal can be approximately determined 
from the teeth and the rings on the horns, but dealers often 
file the horns. 

A healthy animal should be well-nourished, its skin 
supple and its muscles fairly firm and elastic. It should 
not shiver or show any sign of pain, and should move about 
freely. When lying down it should be able to get up with 
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ease. The other indications of health are ; quick bright 
eyes ; nostrils red, bright and moist ; tongue not protruding; 
respiration regular and easy with no foul odour in the 
breath; circulation tranquil; skin glossy and smooth ; and 
excreta normal. 

When diseased, the hairs stand out and are not smooth ; 
the nostrils are dry and covered with frothy excretions ; the 
eyes heavy, the tongue furred and hanging out of the mouth,^ 
respiration difficult and movements slow. In febrile condi- 
tions the ears and feet, and, in milch cows, the teata 
are hot. 

Of the infectious diseases the most important are pleuro- 
pneumonia, cattle-plague, swine fever, actinomycosis, foot- 
and-mouth disease, anthrax, and tuberculosis. 

Inspection of Meat. — The carcase should be inspected 
soon after the animal is slaughtered. It takes about 24 
hours for the carcase to thoroughly ^set’ after slaughtering ; 
but this varies with the temperature, moisture, etc. It 
should show no signs of bruises or bile stains. Fresh and 
good meat should not show any pitting or cracking, and 
should be firm and elastic to the touch, of good colour 
throughout, and not dark-red, livid, mahogany or very pale. 
The colour of the fat varies from white to yellow. A knife 
plunged into the meat and withdrawn should smell sweet in 
good moat. The juice should be reddish and acid, alkalinity 
is a sign of decomposition. 

Fixamine the jaw (lumpy jaw) and palpate the tongue 
(wooden tongue) for actinomycosis, mouth for foot-and-mouth 
disease; and the glands (submaxillary, retropharyngeal 
and parotid) for tuberculosis. Of greatest value to the ins- 
pectors is the interior of the chest. In healthy animals this 
is perfectly smooth and the ribs with the intercostal muscles 
are clearly visible. If the inside is rough and the lining 
membranes cloudy, it indicates the animal had suffered from 
an inflammatory affection. The lungs should be spongy, of 
a bright pink colour, and a small piece should float on water. 
They should be free from cavities, nodules, pus, etc. The 
liver should be dark brown in colour and sufficiently hard 
not to break easily on pressure. The alimentary canal 
should be free from any appearance of inflammation and 
should not smell of drugs. 

Characters of good Meat. — The following are the cha- 
racteristics given by Dr. Letheby : — 

1. It is neither of a pale pink colour nor of a deep 
purple tint, for the former is a sign of disease, and the latter 
indicates that the animal has not been slaughtered, but has 
died with the blood in it, or has suffered from acute fever. 

2. It has a marbled appearance, from the ramification 
of little veins of fat among the muscles. 

3. It should be firm and elastic to the touch, and should 
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scarcely moisten the fingers ; bad meat being wet, sodden 
and flabby, with the fat looking like jelly or wet parchment. 

4. It should have little or no odour, and the odour should 
not be disagreeable ; for diseased meat has a sickly cada- 
varous smell, and sometimes a smell of physic. This is easily 
discoverable when the meat is chopped up and drenched 
with warm water. 

5. It should not shrink or waste much in cooking. 

6. It should not run to water, or become very wet on 
standing for a day or so ; but should, on the contrary, be 
dry upon the surface. 

7. When dried at a temperature of 21 2® or thereabouts, 
it should not lose more than 70 to 75 per cent, of its weight, 
whereas bad meat will lose as much as 80 per cent. 

When meat is commencing to i)utrefy it becomes j^ale, 
moist, doughy, smells sickly and olfensive, and gradually 
turns greenish. The celluar tissue between the muscles 
softens and they are easily torn when stretched. 

CijsUcerci celltilosce and Trichinella spiralis when present 
are found in the muscles. The cyst of cysticercus is oval and 
varies from inch to ^ inch in its long diameter and re- 
presents an encysted larva of T. solium. Under the micros- 
cope the larva i)resents a square-shaped head with a sucker 
at each angle ; within the circle of suckers are two successive 
rows of booklets. To find out trichina a thin section from the 
muscles most frequently implicated (diaphragm, tongue and 
throat) is taken and pressed between tAvo glass slides and 
examined under a microscope. If necessary a little acetic 
acid may be added to dissolve any calcareous deposit around 
the cyst. It is however not a satisfactory method and the 
best method of avoiding infection is to cook the meat well. 

Diseases produced by Unwholesome Meat.— Meat de- 
composes readily in the tropics. It is advisable, therefore, 
that it should not be kept long but cooked and eaten the 
same day the animal is killed. Particular care should be 
taken for the proper storage of meat, which should be pro- 
tected from flies, cockroaches, and other insects. 

Meat, if decomposed, may irritate the gastro-intestinal 
canal and give rise to certain symptoms, nausea, vomiting 
abdominal pain, diarrhoea, severe prostration and even col- 
lapse, but unless the meat is infected it rarely gives rise to 
any symptoms of poisoning. Urticarial and erythematous 
rashes very often develop, or there may be fever and 
delirium. By cooking the microbes are destroyed, but the 
symptoms of poisoning are due to infective organisms {B, 
enferitidis) and their toxins. With the exception of tuber- 
culosis and anthrax, meat is not likely to convey any in- 
infective disease. Tinned meatsy etc., often contain sporing 
organisms of the B. suhtilis and mesentericus groups. A 
severe outbreak of food poisoning occurred in 1922 at Loch 
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Maree, the causative organism being CL hotulimwi conveyed 
by eating potted food kept in sealed jars (see p. 181 ). The 
meat of animals killed by arsenic or other poisons may pro- 
duce toxic symptoms. 

The flesh of animals suffering from such diseases as 
anthrax, rabies, glanders, general tuberculosis, etc., should 
be condemned together with those killed by accidents and 
lightning. Meat may convey embryos of tape-worm and of 
Trichinella spiralis. Pig’s flesh may contain CysHcercns 
cellulosm of Tccnia solium^ when it is known as pig ‘measles’, 
and that of beef — beef ‘measles’ when it contains cysticercal 
or larval stage of T. saginata. Distomum hepaticnm is also 
common in sheep in India. 

Tuberculosis in Animals. — Cattle, pigs, poultry, and rarely 
sheep suffer from this disease. The I^ocal Government 
Board in England have adopted the following recommenda- 
tions of the Royal Commission on Tuberculosis as a guide 
to Meat Inspectors in the inspection of tuberculous carcases 
of cattle : — 

(a) When there is miliary tubercu- 
losis of both lungs. 

(h) When tuberculous lesions are 
present on the pleura and peritoneum. 

(c) When tuberculous lesions are 
present in the muscular system or in the 
lymphatic glands embedded in or bet- 
ween the muscles. 

(d) When tuberculous lesions are 
present in <any part of an emaciated 
carcase. 

(a) When the lesions arp confined to 
the lungs and the thoracic lymphatic 
glands. 

(h) When the lesions are confined to 
the liver. 

(c) When the lesions are confined to 
the pharyngeal lymphatic glands. 

(d) When the lesions are confined to 
any combination of the foregoing, but 
are collectively small in extent. 

Cooking of Meat.— This is done for the purpose of deve- 
loping the flavour and improving the appearance of meat 
by destroying its colouring matter and making it tender. It 
sterilises the meat and lessens the risk of infection by any 
pathogenic germs or other parasites which may be present. 
It diminishes the amount of water even when meat is boiled. 
The connective tissue must as far as possible be converted 
into gelatin, but meat being a bad conductor, the heat 
must be applied slowly and the process consequently must be 
prolonged. Part of the extractive matters are removed by 
cooking and this occurs to a certain extent even in the pro- 
cess of roasting. The extractives are the chief constituents 


The entire carcase and 
V all the organs may be 
/ seized. 


J 

The carcase, if other- 
wise healthy, shall not be 
I condemned, but every 
' part of it containing 
tuberculous lesions shall 
be seized. 
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of soup ; they possess little or no nutritive value and yield 
no potential energy, although they relieve a feeling of 
fatigue. As it tastes and smells agreeably, soup aids diges- 
tion and is useful in the beginning of a meal. 

If it is desired to make soup, beaf tea or chicken broth 
it is obvious that we want to extract all we can. The meat 
should be chopped line and put in cold water and then raised 
to boiling which is continued till all nutriment is extracted 
from meat and bone. 

If the meat is to be eaten it is necessary to conserve all 
the value of the meat. 

(a) To boil meat or lish plunge into boiling water to 
coagulate surface albumin and then keep the pot simmering 
at a temperature below boiling. 

(h) To roast meat it should be placed in front of a very 
hot lire and rotated. This coagulates surface albumin, and 
the process continued without loss of valuable juices. 

(c) To fry, oil or fat is used, which can bo raised to a 
high temperature. 

Changes taking place during roasting are : — 

(1) The extractives are drawn to the surface and are 

utilised for basting. ' 

(2) The muscular bundles swell and break up and the 
myosinogen coagulates to myosin. 

(.3) Connective tissue is gelatinised. 

(4) Fats are melted and break out from connective tissue 
over the surface of the meat and prevent it from getting 
dry in the cooking process. 

Digestibility of Meat. — Both the mechanical and the 
chemical parts of digestion are performed by the stomach, 
which renders the chief nutritive constituent of meat 
(protein) fit for absorption. During the process of diges- 
tion the fibres swell up and become soft, greyish-yellow in 
colour and pulpy. Meat with thin short fibres is more 
easily digested than that whose fibres are thick and long. 
Lean meat is more digestible than fat meat. Chicken and 
poultry are amongst the most digestible of all meats. But 
the digestibility largely depends upon its quality and the 
manner of cooking. Jessen has found that 3 J ounces of beef 
disappeared from the stomach at different times, depending 


on the method of cooking, thus 


Raw beef 

... 2 hours 

Half boiled 

••• yy 

Wholly boiled ... 

... 3 „ 

Half roasted ... 

... 3 ,, 

Wholly roasted ... 

... I „ 


Common Forms of Meat 

Beef.— It is very extensively used, being cheaper than 
mutton. But the flesh varies in quality according to the 



ANIMAL FOODS 


223 


part used ; rump, sirloin and fore limbs being considered 
the best. Beef is more strengthening, but requires strong 
digestive powers. 

Veal is the liesh of calves and is less nutritious and less 
easily digested than the liesh of the adult animal. 

Mutton.-— This is more easy of digestion and is largely 
used in India. Its tibres are shorter and more tender, but it 
contains a larger proportion of fat than beef, and is conse- 
quently not suited for invalids. According to Jessen 3^ oz. 
of raw mutton are digested in the same time as an equal 
weight of beef. The flavour and digestibility often depend 
upon the breed of the sheep, and their pasturage. 

Pig. — This is comparatively less used in India, as 
Hindus, Mahomedans and Jews do not take it. On account 
of the large quantity of fat it contains, pork is the most 
difficult of all meats to digest ; o| oz. requiring three hours 
for digestion, as against two hours for beef. Bacon is more 
digestible as the fat is in a more granular form. Like all 
fat meat, pig flesh contains less water. It is usually taken 
boiled with other lean meats like turkey, chicken, veal, or 
with eggs and vegetables, like peas, beans, etc. The pig is 
liable to be affected with the Cysticercus of Tcjenia solium 
forming “measles,’' and this measly pork gives rise to a 
form of tape-worm — 1\ solium. It is further affected with Tri- 
chinella spiralis^ causing the disease known as “trichinosis.” 

In the tropics generally the pig is a foul feeder and 
scavenger, and hence it is considered not suitable for food. 
Its ffesh is known at times to have produced intestinal 
disturbances. The Chinese are very fond of pork, but they 
generally cook it well (Simpson). 

Goat.-— This is largely used in India, especially by the 
Hindus. Its fibres are shorter, more tender than either beef 
or mutton, and contain less fat, consequently goat flesh is 
more easily digested. The goat is immune to tubercular 
diseases. 

Poultry and Game. — These are very favourite forms of 
food ; but in general aspect the flesh differs from that of 
ruminating animals. The flesh of birds differs from that of 
mammals in not being permeated by fat, consequently it is 
easily digested. The food on which these birds are fed 
makes a great difference in the character of the flesh. The 
flesh of the fowl, guinea fowl, turkey and partridge is 
white, tender, of delicate flavour, and easy of digestion ; the 
flesh of ducks and geese is darker, and is well-known to 
disagree with delicate stomachs. Game birds contain less 
fat than poultry. Of the game birds there are many 
varieties in all parts of India, and these are largely eaten 
and esteemed as wholesome and delicate food. Partridge, 
snipe, quail, pigeon, wild fowl, etc., have distinctive 
characteristics of their own. 
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Liver. — This is an important article of food and contains 
vitamins A, B, C and D, bein^ especially rich in vitamin A. 
Liver protein is easily utilised and contains valuable mineral 
elements, chiefly manganese and iron. The former stimu- 
lates growth, while the latter enters into the composition of 
hsemoglobin. Besides being an important article of food its 
value in the treatment of pernicious amemia and sprue is 
now recognised. 


Fish 

Fish plays an important part in the ordinary food supply 
of India, and makes a welcome addition to the monotonous 
diet. It has a very high nutritive value, though not so stim- 
ulating as meat, but in general it is less rich in fat than 
ordinary meat. Fish contains all the vitamins except vitamin 
0. It also contains iodine, sea-fish being specially rich. The 
flesh of many fishes has a peculiar odour, and dilferent kinds 
vary greatly in their nutritive value, quality and diges- 
tibility. 

There are two classes of fish : fat and lean. Those 
that contain less than 2 per cent, of fat are l^nown as lean 
fish ; ‘‘kai” or climbing perch {Anahas scandens)^ and ^hnagur’^ 
belong to this group. Those containing 2 to 5 per cent, or 
more of fat are grouped as fat fish. 

Fish is poorer in extractives and therefore less stimula- 
ting than meat, but as it is digested more rapidly it is espe- 
cially suited for invalid food, when stronger kinds of animal 
food are not so well digested. Lean fish is easily digested as 
the fibres are shorter and there is a comparative absence of 
fat. Fat fish, on the other hand, is very difficult to digest, 
and the oil is apt to get rancid and cause irritation of tha 
stomach. Dried or salted fish is less readily digested than 
the smaller or younger ones. 

Sea fish are more jialatable but cannot be procured in 
parts other than in sea side districts. The common salt 
water fish are Chipea ilisha or Hilsa (Indian salmon), Sier 
fish, Cyhium commersonii, though found in Asiatic waters are 
also found in Zanziber and off the East African Coast. Spe- 
cies of Mullet and of Pomfret, are also eaten either fresh or 
salted. The famous Bombay Duck, Harpodon nehereus, is a 
sea fish. 

The tropical seas of Africa also furnish many excellent 
fish, e. g. the Sier fish and various species of Pomfret. 

Eohu is one of the best known fresh-water fishes found 
in India and Burma. The Carp family also furnish good 
edible fishes, e.g., katla. The mango or topsi is also a good 
fish highly prized in India. 

Absorption of fish takes place like meat, about 95 per 
cent, of total solids, 97 per cent, of protein, and 90 per cent. 
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of fat entering the blood, so that hsh ranks amongst the 
most fully absorbed of all foods. 

It is popularly believed that fish is a valuable brain food, 
owing to the excess of phosphates that it contains. But 
many doubt this statement, and are of opinion that this 
depends more upon the ready digestibility by persons of sed- 
entary habits tlian on any other factor, and that there is no 
justification for the statement that fish is rich in phosphorus. 

As a source of energy, its value depends on the amount of 
fat in contains, fat fish being equal in this respect almost to 
moderately fat meat. As a source of building material, fish 
is inferior to meat as it contains less protein. The belief that 
fish possesses aphrodisiac properties is a mistake ; in fact, 
there is no evidence in its favour ; on the other hand some 
authorities liave pointed out that maritime populations are 
not especially prolific (Hutchison). 

Shell Fish. — Al]ie<l to fish are lobsters, crabs, shrimps, 
prawns, and oysters, and they are very populur as articles of 
diet. These have liigh nutritive properties, but are less 
digestible. Sometimes, however, they produce symptoms of 
a poisonous or irritating nature, sucli as nausea, vomiting 
diarrhma, giddiness, etc., and frequently an erythematous 
rash. As mentioned before, oysters when eaten raw are 
more easily digested than when cooked (see page 175). 
Vinegar, pej)per, salt, onions, etc., are added to stimulate 
the secretion of gastric juice and to aid digestion. 

Inspection of Fish. — Fresh fish is firm, stiff and elastic to 
the touch, and if held flat on the hand the tail should not 
droop. The condition of fresh fish should be always in a 
state of rigor mortis, f.e., should not be soft or pulpy. The 
eyes should be clear and bright and not dull or sunken. 
The gills should be bright red and not muddy, pale or 
discoloured. If decomposition sets in the body becomes 
flaccid. The skin should be intact and the scales not easily 
detachable in a sound fish. Soon after death the blood 
of fish coagulates ; when decomposition begins, the blood, 
on cutting the fish, will run out as a dull red liquid of an 
offensive odour. If on removing the bones a dull red mark 
at the points where they touched the flesh is noted, it 
indicates that the decomposition is well advanced. Mussels 
and oysters become unlit for food very soon after death. 

To avoid rapid decomposition fish should be cut open 
and eviscerated soon after being caught. It may be sent to 
distant places packed in ice. 

Many parasites live in fish, but only one, Bihothrioce- 
phalus latus, can be conveyed to man. 

Poisoning by fish sometimes occurs. Oysters frequently 
give rise to an urticarial rash and when taken from sewage- 
contaminated water may carry cholera or typhoid infection. 
In certain seasons, especially during spawning, fish ceases 

15 
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to be wholesome and acquires poisonous properties. Accord- 
ing to Simpson, Indian mackerel and sardines on the Malabar 
coast are sometimes j^oisonous, and often the Bombay oyster 
-causes serious illness when taken out of season, or when not 
absolutely fresh. Fish in any stage of decomposition should 
be condemned, as every hour adds to the degree of putre- 
faction. 

Dried Fish. — It is unwholesome as it is often in a state 
of putridity, and when stored acts as a source of nuisance 
to the neighbourhood, as the smell arising from it is offensive 
and sickening. 

Tinned Meat and Fish. — This is often dangerous in 
tropical climates, for it not infrequently gives rise to symp- 
toms of poisoning of a very serious nature. If required, it 
should be bouglit from well reputed and respectable lirms 
that do not deal in old stocks. Provisions imported between 
the months of March and October should be avoided, as the 
hot voyage deteriorates their quality. They should be 
carefully examined before opening for consumption. This 
consists of the following methods : — 

1. Inspection. for indentations, holes or signs 

of gross ill-use. Presence of rust should be looked upon 
with suspicion as it may cause x>orforation. The most im- 
portant sign is the bulging of the tin indicating decomposi- 
tion and formation of gas. The presence of more than one 
soldered hole in an otherwise good tin has no significance. 
They should look fresh and new. 

2. Palpation . — Entrance of air through a leak in the tin 
gives it a springy feel due to loss of vacuum. A sense of 
resistance will be felt if there is internal x>rcssure due to 
gas formation. 

3. Percussion. — A tympanitic note indicates an unsound 
tin, while a dull note indicates a sound tin. This method is 
of little value in case of canned fruits. 

4. Shaking . — Canned meat produces no sound on shaking, 
but when the contents are in an advanced stage of decom- 
position and partially liquid then a loose sloppy sound is 
detected. 

On opening the tin the whole of the contents should be 
taken out at once. Sardines, salmons, herrings, oysters, etc., 
are extensively imported into India ; of these sardines, 
owing to the amount of oil contained in the tin, are less 
likely to cause poisoning and are much better than other 
fresh packed tinned fishes, especially salmon. 

Cooking of Fish. — This depends upon the kind of fish 
used. Oily fishes are best boiled, and this makes them more 
wholesome. Frying in oil is the common practice with the 
Indians. The secret of frying consists in sudden exposure 
of the fish to a very high temperature, which has the effect 
of coagulating the proteins on the surface and any escape 
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of soluble substances is thus prevented. Cooking of fish 
should be avoided in either brass or copper vessels. When 
copper vessels are used they are usually, tinned inside, with 
what is commonly known as ‘‘kalai,’’ but this should be 
always of tin, and not an alloy of tin and lead. Aluminium 
and iron vessels are better and less dangerous than copi)er 
ones, for in the presence of acids like vinegar, etc., copper 
forms a compound, acetate of copper, which is a powerful 
gastro-intestinal irritant, whereas with aluminium it forms 
alum, which is an astringent, and, therefore, harmless. 


Eggs 

The egg is a typical example of food containing all the 
proximate principles necessary for the growth and develop- 
ment of the body. It is however deficient as regards car- 
bohydrates. An ordinary heiTs egg weighs about If ounces ; 
of this about 12 per cent, consists of shell, 58 per cent, of 
white, and P)0 per cent, of yolk. The shell consists of car- 
bonate of lime, and the white with the yolk consists princi- 
pally of nitrogenous elements. The white is made up of a 
solution of various proteins, the chief being egg-alWmin. 
The yolk contains a large cpiantity of fat and a considerable 
proportion of lecithin, a phospho-protein called vitellin, and 
organic compounds of phosphorus and iron. The yolk con- 
tains less albuminous matter and does not so readily solidify 
with heat. As it contains a large quantity of oily matter, 
it floats in the white. The egg is rich in vitamins A, Bi, B 2 
and D. 

The comparative analysis of a hen’s egg is as folloAvs : — 



Water. 

Protein. 

Fat. 

Other n on- 
nitrogenous 
matter. 

Mineral 

matter. 

White 

Yolk 

1 

85.7 

50.9 

' 12.6 
16.2 

0.25 

31.75 

0.13 

0.59 

1.09 


The egg is almost completely absorbed in the intestines, 
only 3 per cent, of residue being left. The value of one egg 
as food is equal to half a tumbler of good milk, and the 
potential energy yielded amounts to 70 calories. 

It is a known fact that mineral matters are more readily 
absorbed when they exist in organic combination. Hence 
iron in the yolk of eggs is absorbed very easily. Yolk of 
eggs is therefore a valuable food for anmmic patients. It is 
also very rich in calcium ; in fact, except milk, no food 
contains so much lime salts in such an assimilable form. 

The digestibility of eggs depends upon the form in which 
they are eaten. Raw eggs are not all digested in the 
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stomach ; this is perhaps due to the fact that being bland 
they hardly excite gastric secretion. The following table 
from Hutchison shows the length of time eggs remain in the 
stomach under different conditions of cooking : — 

2 eggs lightly boiled ... ... ... hours 

2 eggs raw ... ... ... 2} 

2 poached eggs cooked in i)iitter ... „ 

2 eggs hard i)oiled ... ... ... 3* „ 

2 egg omelette ... ... ... 3 

If hard-boiled eggs be finely divided and masticated they 
can be disposed of as easily as soft-boiled eggs. If the 
absorption of eggs from the intestine is delayed, decomposi- 
tion ensues with producUon of H 2 S and ammonia. 

Eggs are preserved for a long time by preventing the en- 
trance of air through the pores, by thoroughly smearing the 
shell when fresh with wax, gum, butter, lard or oil, or by 
immersing in a solution of sodium silicate. 

Decomposed eggs are detected by placing them in a salt 
solution (about 2 oz. of salt in a pint of water) when they 
float. Fresh eggs are always heavier than stale ones. Hold 
an egg before a candle or a light, if fresh, it is translucent 
in the centre ; if stale, at the poles. 

Milk 

Milk is an ideal food and contains all the proximate prin- 
ciples of a well-balanced diet ; in fact it forms the only diet 
for children up to the ago of eighteen months. It is the 
secretion of the mammary glands and exists in the form of 
an emulsion of fat containing x)roteins, salts, and carbohy- 
drates held in solution in water. The average percentage 
composition of various kinds of milk commonly used by man 
is given in the following table : — 


Kind of milk. 

Protein. 

Fat. 

Carbohydrate. 

Salts. 

Water. 

Human 

2.97 

2.90 

5.87 

0.16 

88.0 

Cow 

4.0 

3.7 

4.8 

0.7 

86.8 

Buffalo 

4.4 

9.0 

4.8 

0.8 

81.0 

Ass 

1.79 

1.02 

5.50 

0.42 

91.17 

Goat 

3.62 

4.20 

4.0 

0.56 

87.54 


In milk we have the different classes of alimentary princi- 
ples necessary for health, but the relative proportions are 
not so well suited for adults under normal conditions, an 
excessive amount of water and albuminoids inducing too 
active metabolism. 

proteins of milk constitute about 3.5 per cent, of the 
total weight ; they are caseinogen, which forms about 3 p.c.; 
lactalhuminy 0.4 p.c. ; and the remainder is lado globulin. 
Caseinogen is a phosphoprotein, and differs from albumin 
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in not being coagulated by heat. It is, however, readily 
coagulated by weak acids and rennet. Casein is kept in 
solution with phosphate of lime. 

The chief mineral matter of milk is phosphate of calcium 
(which occurs partly in combination with citric acid and the 
rest as phosphates) ; sodium and potassium chlorides, mag- 
nesium phosphate and a very small quantity of iron are also 
present. The iron content of human milk is two to three 
times that of cow’s milk. Stockman* has shown that 5 pints 
of milk are required to supply the necessary amount of iron 
for an adult every day. 

The fat of milk is composed mainly of the glycerides of 
butyric, palmitic and oleic acids. It exists as globules of 
various sizes in the form of an emulsion, and constitutes 
about to 4 per cent, of the total weight. When milk is 
allowed to stand for some time the fat rises to the top as 
cream bringing with it most of the bacteria. The natural 
colouring matter of milk (lipochrome) rises a\ ith the fat and 
a bluish Iluid remains. The minimum legal standard of fat 
in England is 3 p.c. Good milk contains about 8 to 12 per 
cent, of cream. Skimmed milk from which the cream has 
been removed, contains about 1 per cent, of fat, and is not 
of much value for healthy people, but is better adapted for 
weak stomachs. As it contains all the nitrogenous elements 
it is far more nutritious than whey. Exj>criments made on 
children by the Scottish Board of Health have shown that 
separated milk, ic., imachine-skimmed milk was as good for 
producing accelerated growth as whole milk (except in the 
youngest children). 

The carhohfjdrate of milk is lactose or milk-sugar. It is 
present to the extent of from 4 to 5 per cent, and remains 
dissolved in the fluid after casein and the fat globules have 
been separated. It is not prone to alcoholic fermentation, 
but when it is exposed to the air for some time and especi- 
ally if it be warm, certain chemical changes take place, and 
part of the lactose is converted into lactic acid ; this acid 
combines with calcium of the calcium caseinogenate to form 
calcium lactate, and caseinogen becomes precipitated. This 
change is due to the action of an enzyme secreted by certain 
micro-organisms, and does not occur if the milk is stored in 
closed sterilised vessels. 

The enzymes of milk are catalytic in action. They are 
amylolytic, proteolytic and lipolytic. They are probably 
colloidal in nature or closely resemble protein and are in- 
exhaustible in their power. They are, however, destroyed 
by heat. Peroxidase is present in cow’s milk, rarely in 
human milk. 

Vitamins in milk . — Milk contains all the four vitamins. 

* Jour, of Physiology, Vol. xviii, 1895. 
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Vitamin A is present in considerable quantity so long as the 
full natural quantity of milk fat is unaffected, but removal 
of cream interferes with this vitamin. Moreover, when the 
cows receive fresh green fodder the quantity reaches its 
maximum. Both the factors of vitamin B are present in 
small quantity, just enough to balance the other ingredients 
of milk, but not in excess to supplement the delicicncies of 
vitamin B in other articles of a mixed diet. Vitamin C is 
present in small quantity, but the amount varies with the 
season and depends upon the food eaten by the cows during 
the lactation period. Cow’s milk is fairly richer in vitamin 
D than human milk. Irradiation of milk by ultra-violet 
light greatly increases its antirachitic property by acti- 
vating the ergosterol present in the milk. Similarly 
lactating women exposed to ultra-violet rays give milk of 
increased antirachitic power. 

The milk sold in the Calcutta markets as cow’s milk is 
largely mixed with buffalo’s milk. Buffalo's milk has a larger 
proportion of total solids and fat than cow’s milk, and admits 
of a larger dilution with water. It is therefore not so diges- 
tible or pleasant to take. The intermixture of such a milk, 
so highly rich in fat and coagulable casein, with cow’s milk 
renders it unlit for use as an infant-food. 

Goat’s milk is also used in India especially for infants. 
It is richer in cream, but poorer in protein than the milk of 
the cow. On the other hand human milk and ass’s milk are 
richer in sugar than cow’s milk. 

The richness, the colour, and flavour of cow’s milk vary 
with the character of the food on which the animal is fed. 
The first part of the milk contains more water, while the last 
part is rich in fat. The character of the milk also varies with 
the class and race. In some, the milk is comparatively 
thicker ; during the rains milk is as a rule thin, and in winter 
much thicker. 

The use of humanised cow’s milk in place of, or in addition 
to, breast milk is not uncommon, and it is necessary tluxt the 
difference between the two should be carefully noted. Breast- 
fed infants get their nourishment direct from the mother, at 
a suitable temperature and adequately mixed without any 
exposure to the air. The milk contains no adulterants or pre- 
servatives and above all is bacteriologically clean and pure. 
Bottle-fed infants, on the other hand, get their milk which 
has passed through several hands, and has been exposed to 
endless risks of contamination in buckets, pails, cans, jugs, 
etc., and admitting for a moment that it was neither skimmed, 
watered, nor otherwise adulterated, yet after being exposed 
to the dust of the streets, and to filthy surroundings of 
dairies, etc., it arrives in varying degrees of staleness, more 
or less polluted and charged with microbes. 

Diseases due to Milk. — Milk is responsible for more 
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deaths and sickness than all other foods. This is due to the 
fact that bacteria grow well in milk and that it is rather dilll- 
cult to handle and keep it clean, fresh and in a satisfactory 
condition. It decomposes easily and excepting eggs is the 
only article of food derived from the animal kingdom which 
is consumed in a raw state. It is most commonly adulterated 
and is open to all sorts of infection and pollution. 

Inflammation of the udder is associated with streptococciy 
staphylococci, coli and lactic acid hacilli, and milk from cows 
sufl’ering from mastitis will contain enormous numbers of 
these organisms. Malta fever is due to consumption of 
milk of goats infected with Brucella {Micrococcus) melitensis. 
Ahot'tiis or undulant fever is transmitted to man either throughi 
direct contact with infected animals or through consumption 
of raw milk derived from cows infected with Brucella abortus. 
This organism is the cause of the most widespread disease of 
cattle, and causes abortion in pregnant cows when infected. 
Hore-throat, vesicles in the mouth, or fever maybe caused by 
drinking milk of cows infected wdth foot-an dr mouth disease. 
Typhoid, paratyphoid, diarrhcea, diphtheria, scarlet fever, dysen- 
tery and cholera are frequently due to drinking of milk conta- 
minated with these organisms through carriers, contacts,, 
flies, dirt, missed cases, etc. Infection may be caused by the 
use of contaminated water either for w ashing the utensils or 
for adulterating the milk. Except tuberculosis and undulant 
fever, where the germs are conveyed directly through the 
milk, all other diseases are due to infection of the milk with 
the dilferent specific organisms. 

It is obvious that there must be a grave danger of conta- 
mination of milk when proper care is not taken to obtain it 
under cleanly condition. Milk is one of the best culture media 
for pathogenic bacteria. The only important communicable 
disease common to man and cattle is tuberculosis. A large 
number of milch cows are more or less affected w ith tubercu- 
losis in Europe, but not so in India. 

Milk-borne epidemics have the following i)oints in 
common ; — 

1. The epidemics have an explosive onset, they come on 
suddenly and disappear gradually. 

2. The number of persons infected varies, but all the 
cases occur simultaneously. 

3. The outbreaks last only a short time and extend over 
a definite area. Thus several members of the same family are 
attacked at one and the same time. 

4. Children being milk drinkers are more frequently 
attacked than adults. For the same reason the outbreaks 
are more common amongst rich people who drink milk more 
freely than the poor. 

5. The average number of cases in each house is greater 
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than what might have been ordinarily. An average of two 
attacks in a house may be considered high. 

G. There will be found a common milk-supply among 
a large proportion of the infected houses. 

Adulteration of Milk.— The value of milk as an article 
of diet in India cannot be over-estimated. Just what meat 
is to the Europeans is milk to the Indians. It is of vital 
importance that the supply should as far as possible be pure 
and wholesome. Unfortunately adulteration is the rule, and 
a pure supply is found under exceptional circumstances. 

The adulterants commonly used are : — 

1. Water, which is very often polluted. 

2. Cane sugar or hatamy a preparation of treacle. 

3. Cream is very often removed, and water added sub- 
sequently to maintain the specific gravity ; or the evening 
milk after the removal of the cream is mixed with the 
morning milk. 

4. Starch, flour, or arrowroot are often added to milk. 

5. Milks of different animals are mixed together, e.g. 
that of buffalo with cow^s milk. 

Preservatives in the form of borax, boric acid, formalin, 
etc., are not as a rule used in India. % 

Examination of Milk. — A sample of good milk should 
be opaque, of white colour, without any deposit or j)eculiar 
taste or smell. Fresh milk is amphoteric, due probably to 
acid phosphates of alkalies; it however soon becomes acid. 
When the acidity amounts to 0.4 p.c. lactic acid it is appre- 
eiable to taste, and when it reaches O.G p.c. it curdles. The 
specific gravity varies from 1027 to 1034, and lessens with 
the increase of fat, and falls one degree for each rise of lO^F. 
above GO^F. This is usually estimated by the lactometer 
which is a satisfactory guide when milk is adulterated with 
water only. But if sugar is added, or if water is added after 
skimming, then its determination cannot be taken as a 
reliable index of the character of the sample. The exmina- 
tion should be made at a temperature of GO^F. Insoluble 
dirt is always present in milk to a certain extent. It is 
largely manurial in origin and is estimated by alloAving a 
known (juantity of milk to stand for some time and then 
weighing the residue. Houston advocated the measurable 
amount to be less than 10 parts per 100,000. 

When milk, adulterated with water, is placed in a white 
vessel, a pale blue line can be seen where the surface of the 
milk touches the vessel. This can be easily detected by the 
naked eye so long as the amount is about one-fffth of the 
total volume of the milk. 

Cane sugar as an adulterant is detected by adding an 
equal quantity of diluted hydrochloric acid and a few grains 
of powdered resorcin to the milk and heating it, when a 
blood-red colour is produced. The total solids should not be 
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less than 11.5 per cent., but generally they are 12 to 14 per 
cent. 

The presence of starch is detected by adding a solution 
of iodine, which colours it blue. 

Fat in milk is detected by general methods, of which 
Lell'mann-Beam’s process is the best. 

Preservation of Milk.—Milk can be preserved by . -- 

1. Pasteurisation . — This means destruction by heat of 
pathogenic organisms which may be present, or reduction of 
the number of other organisms, specially those which cause 
milk to sour, without altering appreciably the physical and 
chemical characters of the milk. This is done by heating to 
not less than 145oF. and not more thanl hO^F. for 30 minutes. 
If the temperature is raised to ISO^F. and kei)t for 30 
minutes a small proportion (5 p.c.) of milk albumin is 
rendered insoluble. It does not sterilise the milk and is not 
a cure for dirty milking methods. It has the advantage over 
boiling in that the enzymes are not destroyed, nor does it 
alter the appearance, taste, flavour and the nutritive value 
of the milk, and except the antiscorbutic vitamin, which is 
sensitive to heat above 125°F., other vitamins are not 
affected. 

A large variety of appliances have been devised for the 
purpose of pasteurisation ; of these the ‘^holder” type is (|uite 
satisfactory. Sometimes milk is pasteurised in air-tight 
stoppered bottles ; this keeps milk sterile for a longer 
period than when pasteurised in bulk. But for this purpose 
sy)ecial apparatus is required which must ensuie that the 
milk is not heated above 145®F. to 15()^F. and there must be 
means of ascertaining definitely that the milk has been kept 
at the required temperature for 30 minutes. In the ‘‘flash” 
type the milk is very rapidly heated to a relatively high 
temperature 100® to IflS^F. and then cooled. This does not 
give satisfactory result. The simplest form of “holder” 
type consists of a cylindrical tank surrounded Avith a water 
jacket into which steam is admitted to heat the milk. When 
the milk reaches the pasteurising temperature the steam is 
cut off and the milk kept in the “holder” for 30 minutes and 
then it is cooled by a flow of cold water through the jacket. 

2. The addition of peroxide of hydrogen, and heating to 
a temperature of 51®C. for three hours. Milk so heated is 
known as “Buddeised,” and remains normal in taste and 
keeps fresh for about a week. 

3. Electrical treatment . — Attempts have been made to 
sterilise milk by means of electric current without detriment 
to the quality which may occur from heat treatment. It is 
however a complicated and expensive method. 

4. Drying . — This is generally done by (1) passing the 
milk through steam-heated rollers or rotating drums so as to 
reduce it to a flne powder. It forms a thin film which is 



234 


HYGIENE AND PUBLIC HEALTH 


scraped ott* the drum and powdered ; (2) evaporating the 
milk in a partial vacuum which is then forced by pressure 
through a narrow opening into a stream of hot dry air at a 
temperature of 115°0. The average percentage composition 
of dry milk is protein, 25-28 ; fat, 25-28 ; sugar, 34-40 ; water, 
5-7. The vitamin content of dried milk is variable and 
depends on the vitamin content of the original milk, method 
adopted in drying, and the age of the dried milk. When 
using dried milk for infants it should be supplemented with 
organge juice, cod-liver oil, or irradiated ergosterol to ensure 
sufficient supply of the vitamins. 

5. Addition of antisepticsy e.g., formalin, boric acid, etc. 
Under the English Law no preservatives are allowed to be 
mixed with milk or any of the milk products. 

Effects of Heat on Milk . — When boiled in an open pan 
milk fonns a thin skin on the top ; this surface him consists 
of salts of lime Avith fat, partly dried casein, and coagulated 
lactalbumin. When heated for a long time tlie vitamin 
content is lowered, it becomes thicker in consistency, 
brownish in colour, and altered in taste. The change in 
colour is due to caramel isation of lactose, and this thickened 
or condensed milk, commonly known as “Khii;,’’ is widely 
used in India as a delicacy. But the most important effect 
of boiling milk is that it is rendered sterile. The changes 
brought about in the milk by heating depend upon the 
degree of heat and the length of exposure. Heat lessens 
the stability of the colloids and increases the size of the 
protein particles. The chief chemical change is the precipita- 
tion of calcium and magnesium. The soluble calcium salt 
is reduced from about 26 p.c. of the total calcium in the 
fresh milk to about 20 p.c. in pasteurised milk, and to 15 
p.c. after one hour’s boiling. This lowering of soluble 
calcium diminishes the metabolism of calcium, phosphorus 
and nitrogen of the body. Heat also reduces the iodine 
of separated milk by volatilisation by 20 p.c. or more 
according to the duration, leaving the ratio of diffusible 
to non-diffusible iodine unaltered. 

Digestibility of Milk. — It should be noted that milk, 
though a fluid, is rendered practically solid after it reaches 
the stomach. During digestion the gastric juice curdles 
the milk ; the curdling is due to the change brought about 
in the casein by rennin. The casein of cow’s milk forms 
dense and hard curd, whereas the coagula of human and 
ass’s milk are softer and flocculent. The curds later on 
are changed into albumoses and peptones by the digestive 
ferments. 

Citrate of soda prevents coagulation of milk by con- 
verting soluble lime salts into insoluble calcium citrate. 
Aeration by the use of sparklets is an important factor in 
avoiding clotting. The digestibility of milk depends on 
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the density of the clots in the stomach. The formation 
of large dense clots can be avoided by taking milk in sips, 
when the milk is broken up in the stomach and does not 
form hard clots. It has been found that it takes about 
two hours for a glass of milk to leave the stomach, but 
the condition of the milk has a great influence on the 
duration of its stay, thus : — 

G02 c c. (about a pint) raw milk leaves after 3^ hours 
„ „ skimmed „ 3| „ 

„ „ sour „ 3 „ 

„ „ boiled „ 4 „ 

The digestion of milk is completed in the intestines by 
the pancreatic juice, which acts more powerfully on milk 
than gastric juice. Absorption of milk is more or less 
complete ; in fact, the protein and fat are absorbed as well 
as, or even better than, the protein and fat of beef (Hut- 
chison). But when milk forms the only diet of an adult it 
is not so readily absorbed. Under normal conditions about 
00 per cent, of the available potential energy reaches the 
blood. Milk is absorbed with less expenditure of energy 
than any other food ; in other words, tliere is less wear and 
tear of the intestines. 

Graded Milk. — Under Milk (Special Designations) Order 
1923, four main grades of milk, viz. Certified, Grade A, 
Grade A (Tuberculin Tested) and Pasteurised have been 
sanctioned in England. The conditions under Avhich licences 
for selling the dilferent graded milks may be granted are : — 

Certified. — Each cow is examined every three months, 
and tuberculin tested every six months. No fresh animal 
is to be added to the herd unless tuberculin tested within 
three months. Animals giving positive reaction are to be 
removed from the herd, and any animal shoAving clinical 
signs of disease should be isolated or removed. The milk 
should be bottled on the farm immediately after production, 
and the bottle sealed by a suitable disc and covered Avith 
a cap. The cap shall bear the name and address of the 
producer, the day of production, and bear the Avoids 
^^Certified Milk’^ Milk may not be treated by heat. 

Grade A . — Every animal is examined every three months 
and any shoAving evidence of disease is isolated. Milk 
from isolated cows may not be sold as Grade A milk. If 
tubercle bacilli are found in the milk of a cow steps should 
be taken to ascertain which animals are diseased and to 
remove them. The herd must be kept separate from all 
other cattle. Milk should be sent out in sealed containers 
bearing the words ‘^Grade A’’ milk as in case of “Certified 
Milk”. If not it should he put up in other suitable containers 
of not less than 2 gallons capacity, tightly covered and 
sealed and labelled. 

Grade A. (Tuberculin Tested). — As for Grade A milk with 
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the addition that every cow is tuberculin tested every six 
months. 

Grade A Pasteurised , — Milk to bo retained at a tempera- 
ture of 145^ to 150° F. for at least 30 minutes and then 
suddenly cooled to temperature of not more than 55^^ F. 
The milk should not be treated otherwise than by heat, 
and should not be pasteurised more than once. 

Bacterial content : — 


Designation. 

r 

1 

! No. of bacteria 
per c.c. 

No. of B. coli 
in 

Certified 

: 30,000 

0.1 c.c. 

(irade A 

200,000 

0.01 c.c. 

(Jrade A Pasteurised 

30,000 

0.1 c.c. 

Pasteurised 

100,000 



In the new Milk Designations Order of 1036 the follow- 
ing designations have been introduced, viz.— 

1. ^'Tuberculin Teste(r\ to wliich the word "Certihed” 
is added if bottled on the farm, and the word "pasteurised” 
if subjected to the requisite heat treatment. 

2. "Accredited”, and if bottled on the farm "Accredited 
Farm Bottled” 

3. The designation of "Pasteurised”. 

Under the new order it is not necessary to put the date 
of production on the cap of the designated bottles. 

Improvement of Milk-supply.— This is one of the many 
vexed questions which recjuires careful study. 

Two methods may be adopted for improving the quality 
of the milk-supply ; niz.~{a) legis- 
lation, and (h) instructing the 
dairymen in the essentials of hy- 
gienic milk production. Dairymen 
being illiterate, instructions can 
only be given by practical demon- 
stration. Individual farms should 
be visited, existing conditions 
examined, and the special advan- 
tages of improvement explained. 

Practical suggestions should be 
given, and no one should be asked 
to adopt improvements which arc Fm.-33 

beyond his ability and intelli- 
gence. The cleanliness of the An Improved Type ot 
utensils, the treatment of the milk, Milk- pail, 

the local sanitation and the breed- 
ing of flies and other dangers should be carefully explained. 

The English Milk and Dairy Order, 1926, provides for 
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the registration of dairymen, inspection of dairies including 
veterinary inspection, control of communicable bovine 
disease, prevention of the spread of human infectious disease 
through milk and for ensuring proper management and 
handling. 

The following rules, if carefully followed, will effect a 
marked improvement in the character of milk-supply : — 

(a) The milk should be received in clean, freshly scalded 
metal vessels and should be protected from flies. No chick- 
ens, cats, etc., should even be allowed in a dairy. 

(h) The cow’s tail should be secured to prevent flicking 
dirt attached to it during milking. 

(c) The door of milk sheds and the approaches to the 
sheds should be paved and kept as clean as possible. 

(d) All persons handling milk should be clean, should not 
suffer from any communicable disease, and should not be 
“carriers.” 

{e) The cow should be healthy and free from any infection, 
nor suffer from inflammatory condition of the udder. It should 
be properly groomed to remove dung from its body, and the 
udders should be properly washed. 

if) All bottles and cans used should be washed and 
sterilised. 

{(j) Feeding the cow during milking and putting the 
fingers into the milk should not be allowed. 

(//) Do not strain, skim, or keep the milk in the cowshed. 

(0 All refuse should be removed to a safe distance 
daily. 

For the purity of milk-supply the following regulations of 
the Bengal Municipal Act, 1932 will be of interest : — 

4)31. Tlio Commissioners at a meeting may, and when required 
by tlie Local Government shall, inahe by-laws regarding all or any 
of tlie following matters : — 

(a) the registration of all dairymen, or persons selling milk, and 
dairies, within the municipality; (ft) the inspection of dairies and 
dairy cattle within or without the municipality and of persons in 
or about dairies who liave access to the milk or any inilk-rerepfacle ; 
(c) the duties of dairymen or persons selling milk in connection 
with the occurrence of infectious or contagious dis(‘ase amongst 
persons residing or employed in or about their premises, and their 
duties in connection with reporting the occurrence in any dairy 
cattle of diseases which are communicable to man and of any disease 
of the udder ; (d) the conveyance and distribution of milk, and the 
labelling or marking of receptacles used for the conveyance of milk ; 
(e) the ventilation, including air-space, lighting, cleansing, drainage 
and wjiter-supply of dairies; (f) the health and good condition of 
the milch-cattle in dairies ; {(j) the cleanliness of dairies, milk- 
receptacles, dairy cattle and all persons employed in or about 
dairies ; (h) the protection of milk against infection or contamina- 
tion; (i) the prevention of the sale of infected, contaminated, or dirty 
milk, and the closing of any dairy where such milk is kgpt for sale 
or the exclusion therefrom of any animal; (j) any other measures and 
precautions which in the opinion of the Local Government may be 
necessary to secure and maintain the purity of the milk-supply. 
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The Bacteriological Examination of Milk 

Chemical examination of milk shows whether the milk is genuine 
or not but it gives no idea about its hygienic quality. By chemical 
analysis we get no information about tlie possibility of the milk con- 
taining pathogenic organisms. This is of great importance, as a 
number of diseases are communicable through milk; indeed milk is 
frequently the vehicle for the transmission of many infectious 
dis(uises to man. 

The bacteriological examination of milk is undertaken for the 
following informations 

1. To measure the degree of faecal pollution. 

2. To find out if disease-producing organisms like B. tijphosnSy B. 
tuberculosis and cholera cihrios are present ; and 

8. 'Vo as<*ertain if the udder of the animal is healthy or diseased. 

Total Bacterial Count. This is done as in the case of water, with 
nutrient agar medium Avith definite dilutions of milk. These dilu- 
tions are made as follows : A series of glass-stoppered bottles contain- 
ing 90 c.c. sterile water is taken and the first bottle receives 10 c.c. 
of the milk to be examined; and is well shaken. 10 c.c. of this is 
transferred to a second bottle with 90 c.c. of Avater and shaken. 10 
c.c. of this is transferred to a third bottle and so on. Each dilution 
represents one-tenth dilution of the one immediately previous to it in 
the series. In this manner dilution should be made from 0.1 c.c. to 
0.000001 c.c. and plates made from the number of dilutions beginning 
from the last dilution. 

The following factors influence the total bacterial count, vis. the 
method of collection, the time that has elapsed since ihilking, and the 
temperature at which the milk has been kept. 

Fiscal Bacilli Count.—This is more important than tlie total bac- 
terial count and should be done as described in the case of Avater Avith 
]SIc('o^key^s broth tubes inoculated withl c.c. from each dilution, and 
incubated. l''he presence of B. coli in large numbers indicates manu- 
rial and other undesirable contamination. 

Estimation of B. enteritidis sporoffeAies.—Thoi^\)OYos> of this organism 
are said to bo present in large numbers in cow dung. The estimation 
of its numbers in milk is therefore important, particularly as it does 
not multiply in milk. It is tested in the same Avay as is done for 
Avater. 

Streptococci.^These are present in milk in large numbers in cases 
of mastitis and ulceration of the teat. Their presence in large num- 
bers may bo taken as indicative of inflammatory disease of the milk- 
producing organs of the coAv^ 

Microscopical examination of the centrifugalised and stained depo- 
sit gives an idea of the nature of cellular elements present. A high 
leucocyte count accompanied by streptococci usually indicates dis- 
eased udders. The presence of pus cells may indicate purulent in- 
flammation of the udders. Both leucocytes and pus cells are Iioav- 
ever present also in the milk of healthy cows, though in much less 
numbers. 

Tubercle Bacilli.— A portion of the centrifugalised deposit is 
stained and examined microscopically for acid fast bacilli by the 
Ziehl-Nielson method, and the rest of the deposit injected into guinea 
pigs suliciitaneously on the inner side of the leg. A negative result 
microscopically is not of much significance as the tubercle bacilli 
are present only in small numbers, AVhen T. ftaciBi are present, an 
infection takes place, the glands on the inoculated side become 
enlarged and the bacilli can be demonstrated from films made from 
them. 
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Derived Mieks 

Skimmed Milk.— This is prepared by skimming ott' the 
eream either by hand or by machinery. When made by hand 
it contains about 1 p.c. of milk fat. When made by a churn- 
ing machine it is known as ^^separated (machine skim- 

med milk). It contains less fat than hand-skimmed milk, but 
the total solids remain the same, i.e. not less than 8.7 p.c. 

Evaporated Milk. — This is milk reduced to 50 p.c. of its 
original volume by evaporation. 

Malted Milk. — This is a powdered product made from 
malted barley, wheat flour and whole milk evaporated to 
dryness in a partial vacuum, which allows the temperature 
to be kept low, i.e., to about 125® F. It contains fat 9.2 
p.c., protein 15.5 p.c., lactose or maltose 19.1 p.c., dextrose 
20.2 p.c., ash 3.8 p.c., moisture 2.2. p.c. Though not sterile it 
has a low bacterial content and the various heating processes 
are said to free it from any pathogenic bacteria. It contains 
vitamins A, D and 0, though the latter is partly destroyed. 

Homogenised Milk. — In this the fat does not separate out 
and will not rise to the surface as cream on standing. This is 
effected by passing the milk under high pressure tlirongh 
minute apertures so that the fat globules are reduced in 
size and the milk becomes uniform in consistence. 

Condensed Milk. — Condensed milk is extensively import- 
ed to India, and is largely used by Europeans, especially 
in places where fresh and good milk is diflicult or impossible 
to obtain. Condensation is effected by evaporating the 
water by gentle heat. This is accelerated by the reduction 
of atmospheric pressure in so-called vacuum pans, and is 
carried so far that the volume of the milk is reduced to 
about a quarter. Condensed milk, therefore, represents four 
times its volume of fresh milk. 

Most of the condensed milks are sweetened with sugar 
which helps their preservation, but the cream is often 
removed, and the product is really condensed skim milk. The 
following are the different varieties of condensed milk : — 

1. Condensed whole-milk (sweetened). 

2. ,, „ „ (unsweetened). 

3. „ skim „ (sweetened). 

The sweetened whole-milk is for the most part good, and 
usually contains more cane sugar than milk solids. A good 
specimen may contain 11 per cent, fat ; 10 per cent, protein ; 
14 per cent, milk sugar ; and 38 per cent, cane sugar. The 
sweetened skimmed milk, or separated milk or machine 
skimmed milk is very inferior to the above, and generally 
contain 1 per cent, of fat. Such a milk, therefore, is unfit 
for the sole nourishment of infants. 

Humanised Condensed Milk. — This is condensed milk to 
which milk sugar and cream have been added. When diluted 
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with water ia the proper proportion it is practically identi- 
cal with human milk in quantitative composition. 

BigestihiUty of Condensed Condensed milks are 

more digestible than pure cow’s milk, as they do not form 
curds in the stomach at all, or if they do, the curds are more 
flocculent than those of ordinary milk. During condensa- 
tion the casein undergoes certain chemical changes and 
hinders the formation of clots. 

As a rule condensed milks are of less nutritive value 
than pure milk, duo to their containing less fat. Hence 
condensed skim-milk should be avoided, as well as sweetened 
whole-milk. For infants it is better to avoid any form of 
condensed skim milk. If, however, fresh milk be not avail- 
able, unsweetened condensed whole milk should only be used. 

Dried milk is now manufactured to take the place of 
condensed milk. It is found in coarsely granular powder, 
and when diluted with water in proper proportions makes 
excellent milk {see page 233). 

PUKPAUATIONS OF MlLK 

Curdled Milk, Sour Milk or Dahi.— This is fermented 
milk very largely used in this country, being more easily 
digested than raw or boiled milk. It is either sweetened or 
unsweetened. The sour milk owes its virtue to the produc- 
tion of lactic acid. Professor Kitasato has shown that 0.3 
per cent, of lactic acid kills the comma bacillus in 5 hours. 
The addition of sugar previous to curdling docs not alfect 
the amount of lactic acid, but masks the acidity and makes 
it palatable. When milk turns sour the proteins of milk 
are partly decomposed and coagulated, and the fat particles 
are enclosed in the coagulated casein. 

Preparation of Sour Milk, — The milk is first boiled, and 
when partially cooled it is inoculated with a little curd from 
a previous preparation as a starter of fermentation, and 
kept at the room temperature for fermentation to go on. 
Sour milk as sold in the bazaar is hardly ever made from 
whole milk ; the milk is deprived of its fat, and the skimmed 
milk is utilised for its preparation. 

Butter-milk or Ghol. — This is the residual milk left after 
butter is taken away by churning. Ghol is generally prepared 
in India from sour milk or dahi. It is a sour tasting fluid of 
varying consistency according to the amount of water 
present, with the casein of the milk existing in a finely co- 
agulated state, i.e., in a more easily digestibe form than in 
ordinary curd. The lactose is in great part converted into 
lactic acid and it contains very little, if any, fat. Butter- 
milk contains more protein than whey and is very nutritious. 

Under the name of Eledon butter milk is sold in the form 
of dry powder in hermetically sealed tins. When mixed with 
boiling water it forms butter-milk. 
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Curd and Whey. — Whey is the fluid left after the curdling 
of the milk. It is prepared by adding essence of rennet or 
some weak acid to milk heated to llO^F. By this caseinogen 
is first changed into soluble casein which combines with 
calcium to form clot. The coagulum or curd (chhana) is then 
cut into pieces, strained through muslin^ and hung up to 
allow the fluid (whey) to drain away. The curd consists of 
casein and entangled fat, while the whey contains all the 
sugar, most of the mineral ingredients, and about 0*8 per 
cent, of protein in the form of lactalbumin. When milk is 
coagulated by rennet it gives an alkaline reaction and forms 
the so-called sweet whey.’’ 

It has a sweetish sour taste, and with equal parts of 
cow’s milk it almost resembles human milk in composition. 

The curd of milk is commonly known as ^^chhana” or 
khilat. Its use is practically limited to Bengal. From this 
curd which contains chiefly casein and some fat or fat glo- 
bules entangled in it a large number of delicacies such 
as ^^sandesh” are prepared by the addition of sugar, syrup, 
etc. It contains protein 24.06, fat 2.5, and salt 1.1. 

Koumiss and Kefir.— -These are in reality preserved 
milk containing lactic and carbonic acids and a little alcohol 
(1 to 2 p.c.). True koumiss^ as prepared by the Tartars, is 
fermented mare’s milk. 

Kefir is a fermented milk like koumiss, the ferment being 
a Caucasian mushroom. It can also be made at home by the 
addition of kefir ferment. 

Cheese. — It consists of coagulated casein {chhana) with 
varying proportions of water, fat, and salts. It may be 
made from whole milk, from skimmed milk, or from whole 
milk and cream. The ripening of cheese is the result of 
decomposition, whereby the casein undergoes a fatty change 
with the formation of lime salts and fatty acids. The 
average composition of a good sample of cheese is : protein, 
27.0 p.c. ; available protein, 25.3 p.c. ; available fat, 25.0 
p.c. ; salts, 6.0 p.c. ; Calorie per oz., 97.0. 

Cheese is infiltrated with about 30 per cent, of fat, and 
is not easily digested by delicate stomachs. It is a cheap 
form of animal food of high nutritive value and is a valuable 
substitute for meat. In fact beef contains less than half as 
much nourishment as the same weight of cheese. It deterio- 
rates rapidly in the tropics, and is chiefly adulterated with 
starch. 

Butter. — Butter is obtained by churning either the 
curdled milk or the cream at a low temperature, when the 
ruptured fat globules clot together, entangling in their 
meshes water, a small amount of casein and salts. Butter is 
used to a much less extent by the people of this country 
than ghee or clarified butter. Butter fat contains 40 per cent, 
of olein and is rich in those fatty acids (butyric, caproic and 
16 
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capric acids) which are soluble in water. An average sample 
of butter contains 7.5 to 12 per cent, of water, 1.0 to 3.0 per 
cent, of casein, 74 to 90.5 per cent, of fat, 1.0 to 7 per cent, 
of salt. The percentage of water in different samples of 
butter, as sold in Calcuttta, rarely exceeds 16, except in 
Ghatal (Midnapur) butter, which gives an average of 30 per 
cent. Butter may be preserved by the addition of salt (not 
exceeding 10 per cent.) or by keeping it in water. 

Butter is the most easily digested of all fats. As the 
butter fat approximates olein of the fat of the human body, 
it is of great value as food. It contains vitamins A and D. 
Adulteration of butter is not so universal as milk or ghee. 
Water is the chief adulterant, but admixture with low grade 
ghee, animal fat, and curd is also met Avith. In England it 
is chiefly adulterated with Margarine, Avhich is prex)ared by 
churning melted or clarifled beef or mutton fat with 
skimmed milk. 


Gueio 

Ghee is clarified butter and is largely used in place of 
butter in India. It is prepared either from the milk of the 
cow or of the buffalo. Buffalo ghee is whiter in appearance, 
while cow’s ghee has a faint yellowish tinge and a pleasant 
sweet smell. 

Ghee is made from milk which is first boiled and then 
cvirdled. In about six hours curdled milk is churned after 
adding a little water, when the butter floats on the top. 
This is then collected and allowed to become somewhat 
rancid and then washed and heated, when the butter melts 
the casein and water fall to the bottom. The water is then 
evaporated and the casein that remains behind is burnt off. 
The fat clarifies on standing which constitutes the ghee and 
when sufficiently clear it is run off* from the sediment. The 
floating ghee being thus free from Avater and organic matter 
can be preserved for a much longer time than butter itself. 
This is an important consideration in a tropical country 
where butter soon becomes rancid and unfit for use. Ghee 
contains vitamin D, but the ordinary method of prei)aring 
by prolonged heat destroys vitamin A present in natural 
butter fat. Vitamin D being more themostabile resists 
prolonged heating. Ghee is used in the preparation of 
various kinds of food, such as sweets, poories, curries, 
dais, etc. 

Buffalo contains more soluble volatile acids as deter- 
mined by the Eeichert-Wollny process, corresponding gene- 
rally from 34 to 39 c.c. of deci-normal alkali for 5 grms. of 
ghee. In forty samples of purified ghee carefully prepared 
from pure buffalo milk in the Calcutta Municipal Laboratory 
for standardisation purposes, the minimum Reichert value, 
in terms of deci-normal soda, was found to be 30.5, and the 
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maximum 39.3, the average being 34.5 for 5 grms. of the ghee ; 
while the minimum Reichert value for ghee from pure cow’s 
milk was 22, the maximum 27, and the average 24, for 5 
grms. (Simpson). 

The following standard for ghee has been adopted by the 
Corporation of Calcutta : — 



Cow 

Buffalo 

Specific gravity 

oil to 912 

911 to 913 

Soluble volatile acids in terms of 



deci-normal soda by Beichert- 



Wollny method 

24 c.c. 

30.0 c.c. 

Melting-point 

34° to 35.r)° C. 

34° to 36° C. 

Oleo-refractoiiieter at 45°C. 

-32 to 35 

-32 to 35 

Bu tyro-re fractometer at 40.5°0. .. 

40 to 42.5 

40 to 42.5 


Ghee as sold in the market is almost wholly prepared 
from buffalo milk. Nearly 70 per cent, of the ghee of the 
Calcutta market is adulterated. The principal adulterants 
are ground-nut (china hadam) oil, animal fat, mohua oil, 
poppy seed oil, cocoanut oil, castor oil, etc. These are not 
easily digested. When adulterated with animal fat it gene- 
rally remains solid. 

In cold weather good ghee should be clear, white, and 
solid, with a very faint agreeable odour. If dirty or bad 
smelling it should be condemned. 

Vegetable ghee is now largely advertised for sale in India, 
it is really vegetable fat and is inferior to ordinary ghee and 
does not contain any vitamin {see p. 199). It is used as a 
cheap substitute for and as an adulterant of ghee. 

The presence of vegetable oils can be detected by the 
following test 

Take one part of the suspected ghee and four parts chloroform in 
a test-tube and agitate by adding a few drops of phosphomolybdic 
acid; on allowing the test-tube to stand, a green ring will be noticed 
at the junction of the two substances. 

Animal fat may be detected by the following tests : — 

1. Take equal parts (3 c.c.) of glacial acetic acid and of the 
suspected ghee in a test-tube and dip it in warm water, agitate 
frequently and note the temperature at which the ghee melts. If it 
melts at a temperature between 29° C. and 39° C. then it may be taken 
as a good sample. But if the melting temperature be higher than this 
it indicates adulteration with animal fat. An abnormally low figure 
suggests cocoanut oil. This is known as the \alenta test. 

2. Shake well in a test-tube dilute carbolic acid (9 parts of the 
acid with one of water) 21 parts, with ghee one part. Allow it to 
stand, when the animal fat will rise to the top, while the butter fat or 
ghee will be dissolved by the acid. 

3. Refractive Indea?.— This is determined by means of a special 
instrument called refractometer. At 40° C. it varies for butter from 
40 to 42. Cocoanut oil gives about 34 to 35 at 40®C. 



CHAPTEE X 

BEVERAGES AND CONDIMENTS 

Beverages 

Beverages are substances which by enabling food to be 
taken with pleasure and relish act as food accessories. They 
stimulate digestion by acting on the digestive organs, either 
directly, or through the central nervous system. 

Water is the universal beverage, and all other beverages 
contain water more or less. The utility of water in the human 
economy has already been discussed {see page 171 ). It must 
be stated here that absorption of water does not take place 
in the stomach at all, and no sooner does it reach the stomach 
than it begins to flow out into the intestines, and the rapidity 
with which it passes through this organ makes it a very 
dangerous vehicle of infection. Therefore contaminated 
water is more dangerous as a carrier of disease than infected 
milk. Hot water excites the movements of the stomach 
and tends to open the pylorus. 

Aerated and Mineral Waters . — Artificial mineral waters 
are prepared by dissolving in water salts of soda, lime, and 
magnesium, commonly present in natural water, and then 
charging it with CO2 gas. Mineral waters when derived 
from natural springs, besides containing some natural 
ingredients, are impregnated with CO2 gas. 

Mineral aerated waters have a sharp pleasant taste, and 
mineral water, of all other beverages, promotes the chemical 
process of digestion. The CO2 gas by stimulating the move- 
ments of the stomach helps the mechanical process of diges- 
tion, increases gastric secretion, and acts as a gastric 
sedative. When added to milk, aerated water causes it to 
coagulate in small flakes, and when used with acid wines, 
neutralises the inhibitory action of the wine on the saliva. 
Aerated water is not always sterile; excepting perhaps 
the comma bacillus, many organisms thrive in CO2 gas ; 
moreover, aerated water is often prepared from water not 
always above suspicion. 

Besides the above, beverages commonly used may be 
divided into : — 

A. Kon-fermented drinks, and 

B. Fermented drinks. 

A. Non-fermented Drinks 

Tea.— A hot infusion of various plants is used as a beve- 
rage in almost all parts of the world, but the most important 



BEVEBAGBS AND CONDIMENTS 


245 


and widely used of all is tea. This consists of the dried lea- 
ves of a shrub called Camellia thea mostly cultivated inChina^ 
Japan, India (chiedy in Darjeeling and Assam), and Ceylon. 
The leaves from the top of the shoot, i.c., the youngest ones, 
containing least fibre and abundant juice, are called flowery 
or orange pekoe and form the best variety of tea. The leaves 
from just below and larger than the above set are called 
pekoe, and those lower than that are souchong. 

The chief difference between green and Hack tea dej^ends 
upon the time of gathering the leaves and the mode of treat- 
ment. Black tea is fermented, which renders the tannic acid 
less soluble. Green tea is prepared from the younger leaves, 
which are roasted soon after gathering. It contains more 
tannic acid, more volatile oil, and less caffeine than black 
tea ; therefore it is less stimulating and more astringent. 

The composition of dry tea is caffeine 1 to 4 p.c., a minute 
trace of theophylline, and a volatile oil 0.6 p.c., which imparts 
the flavour and odour, and a large amount of tannic acid 
which precipitates albumin, gelatin and alkaloids, and is 
strongly astringent. But the percentage of tannin is greater 
in India tea, if infused long, than in China tea. During in- 
fusion about} 25 per cent, of the weight of the leaves is dis- 
solved out. Caffeine begins to dissolve out directly the infu- 
sion has started. The tannic acid dissolves slowly and the 
longer the tea is infused the more will the acid be dissolved. 

Mode of Preparation, — The proper method of preparing tea 
should be by infusion and not by decoction, and the infusion 
should not last for more than five minutes. 

Apart from tea, caffeine was extracted from various 
other plants. Thus in Arabia and Egypt it was made from 
coffee the roasted seeds ; in Western Africa, from Kola, the 
dried seeds ; in vSouth America, from guarana ; in China 
and Japan from tea, the fermented leaves ; in Paraguay 
and XJraguay, from maie' or Paraguay tea. 

Coffee. — As ordinarily used coffee is the seed of Caffea am- 
hica. The seeds are first roasted and then ground to powder, 
when they are ready for use. The roasted coffee contains 
0.6 to 2 p.c. of caffeine, a small amount of caffeol and a large 
amount of tannic acid. Caffeol is an empyreumatic oil deve- 
loped in the process of roasting. It is the source of the 
flavour and aroma of coffee. The tannic acidunlikethat of tea 
does not precipitate albumin, gelatin or alkaloids, and is not 
astringent. The aromatic oil is very volatile and deteriorates 
rapidly on keeping ; coffee should therefore be prepared fresh 
after roasting. During infusion about 25 per cent, of the 
coffee is dissolved out. French coffee contains chicory, and 
at times burnt sugar ; in fact, coffee is largely adulterated 
with chicory. 

Preparation of Coffee. — There are three methods of prepa- 
ring coffee : — 
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1. Filtration.— In this process boiling water is allowed 
to percolate through finely ground coffee. Air should be 
excluded as much as possible, or else oxygen will alter the 
aroma. This process dissolves only 11 to 15 per cent, of the 
coffee. 

2. Infusion . — This is the common method. It is said to 
reduce the exciting influence of strong coffee without des- 
troying its aroma. 

3. Decoction . — This method is principally used in Turkey. 
The coff'ee seeds are ground to powder and placed in cold 
water which is then boiled. This is generally taken without 
straining. 

Cocoa. — Cocoa is a powdery preparation made from cho- 
colate by removing a portion of the fat by hydraulic pres- 
sure with or without heat. The dried residue is ground to 
fine powder so that it may be more readily mixed with water. 
The proportion of theobromine in cocoa is somewhat higher 
than in chocolate. It is not so widely used as tea or coffee, 
and not so popular a beverage with Indians. Cocoa is deri- 
ved from the seeds of the fruits of the plant Theohroma cacao. 

The beverage ^^cocoa^’ is made by boiling the powder with 
water or milk for at least five minutes so that its starch may 
bo properly hydrolysed, otherwise it is nothing but a 
mixture from which the powder tends to separate. 

Chocolate is the paste made from the ripe seeds of Theo- 
Irroma cacao after they have been sweated, dried, roasted 
and deprived of their shells. The sweating or fermentation 
process eliminates practically all the tannin and some of a 
bitter substance present in the ripe seeds ; roasting brings 
out the flavour. Chocolate contains theobromine 0.3 to 
2 p.c., starch 10 p.c., vegetable protein 15 p.c., cocoa butter 
30 to 50 p.c. It is sweetened with sugar and often flavoured 
with vanilla. It is highly nutritive and has been shown to 
be almost completely digestible. 

Action and Uses of Tea, Coffee and Cocoa 

Coffee and tea are not nutritive in themselves, and 
require no digestive process for their absorption. Addition 
of milk or cream and sugar, however, changes them into food. 
Coffee and tea habits are common amongst brain workers. 
Many elderly people find tea particularly satisfying and 
soothing after reaching a period of life when the functional 
activity of the stomach is weakened. Coffee is less liable to 
produce flatulence than tea, and, therefore, should be pre- 
ferred in cases of flatulent dyspepsia. Strong infusions 
irritate the mucous membrane, especially when taken on an 
empty stomach, and may either excite or keep up a condition 
of chronic gastric catarrh. 

Taken in moderation tea gives a feeling of comfort and 
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increases bodily and mental vigour. As a stimulant it differs 
from alcohol in that it is not followed by depression. In 
villages where the water-supply is not above suspicion it is 
always safe to have a cup of tea instead of water. Though 
the danger from infection through water is diminished by 
boiling, such water is not palatable and the addition of tea 
makes it an agreeable drink. Strong infusions taken in 
large quantities often cause constipation. Tea should be 
avoided in dyspepsia, gastric irritability, constipation, 
anmmia, insomnia and nervousness. 

Coffee causes stimulation of the nervous system, and 
there is a feeling of exhilaration and diminution of the 
sense of fatigue. Strong coff'ee taken after dinner tends to 
retard the digestive process, it should therefore be avoided 
by dyspeptics. Caffeine lessens the feeling of hunger but 
does not prolong life in cases of starvation, and it increases 
tissue waste. In comparative experiments with whole 
companies of soldiers on the march under like conditions, 
Leistenstorfer, on behalf of the German government, found 
that when the soldiers were well supplied with food, those 
that were given tea or coffee could endure more prolonged 
and more severe marches than those that did not get tea or 
coffee. If no food was supplied fatigue appeared ffrst in the 
tea and coff'ee-drinkers. Tea and coffee therefore increased 
the power for continuous physical work so long as the supply 
of nutritive material was ample, but caused early exhaustion 
when food was withheld (Bastedo). Excess of coffee drinking 
causes nervous disturbances, palpitation, insomnia, and 
liability to attacks of neuralgia. 

From the chemical composition of cocoa it appears to be 
a valuable food of much nutritive value ; a cupful of beverage 
prepared as above with about 10 grms. of cocoa gives a 
nutritive value of about 150 Calories. Such a drink may be 
taken by invalids for its food value. Chocolate, however, is 
of more value, and half a pint of milk and two ounces of cho- 
colate yield about 400 Calories. 

Sherbets. —These are non-aerated SAveetened drinks 
widely used in India as refreshing and cooling beverages, 
especially in summer. They are ordinarily prepared by 
dissolving sugar, sugar candy, etc., in water and flavouring 
with either lemon juice or some other flavouring agents. 

Cocoanut Water. — This is largely used in certain parts 
of India, mainly in Bengal and Southern India, as a refreshing 
drink, and is useful in cases of acid dyspepsia, especially 
when taken after meals. It has an acid reaction with a 
speciiic gravity of 1020 to 1030, and contains 0.92 per cent, 
of protein, 0.62 per cent, of carbohydrates, and some salts. 
When good water for drinking purposes is not available 
it is always safe to use cocoanut water. 
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B. Fermented Drinks 

Almost all fermented drinks conta in a chemical substance 
of a powerful nature commonly known as alcohol. The dis- 
tinctive character of alcoholic drinks dejicnds on the parti- 
cular kind of sugar or yeast used in their fermentation. 

Alcohol consists of three elements, viz , 0 , H, and O, and 
is represented by the formula C2II6O. It is generally pre- 
pared by the fermentation of sugar by which it is split up 
into alcohol and carbonic acid as follows : — 

CfiHnOfi = 2C2H6O + 2CO2 . 

Pure alcohol is lighter than water and mixes with it very 
readily. It is very inflammable, and when mixed with 
water heat is evolved. When more water is added it burns 
less readily, and finally it does not burn at all. The term 
proof spirit owes its origin to this property of alcohol. 
Alcohol when weaker than proof spirit is known as tinder 
proof, and when stronger as over proof. 

Alcoholic beverages for convenience of description may 
be grouped under the following heads : — 

I. Beer or Malt Liquors.— Under this head are included beer or 
ale, porter and stout. Those are made from starchy substances, 
usually ^rain, are made bitter with hops, and contain 8 to 7 p. c. 
alcohol by volume. Beer is the product of the fermentation of malt 
and hops. Porter and stout are prepared almost in the same way as 
beer, but the malt is first roasted like coffee, and the colour is duo 
to caramelisation of sugar. 

The chief constituents of malt li(juor are : alcohol, dextrine, sugar, 
vegetable acids and some soluble nitrogenous matter. 

II. Spirits. — The chief difference between spirits and other alco- 
holic beverages is that the former are products of distillation and 
contain a certain percentage of alcohol. Roughly, spirits are com- 
pounds of alcohol and water, but each kind has its characteristic 
flavour due to the fermentation of various bye-products during the 
process of preparation. By the use of patent stills these bye- 
products can be separated from the alcohol which is consequently 
pure and without any flavour when it is called “silent spirit.” Spirits 
are prepared by fermentation of various saccharine substances, and 
any substance capable of yielding fermentable sugar may be utilised 
in their manufacture. 

[а) Whisky.—This is often described as a spirit obtained from 
fermented grain by distillation, and contains from 47 to 53 percent, 
by volume of alcohol. Tt should be free from disagreeable odour 
and not less than two years old. There are two kinds of whisky 

(/) Malt Whisky made from malted barley in pot stills ; the peculiar 
smell is derived from the peat smoke. 

{ii) Grain Whisky. — This is prepared from cereals—barley, rye, 
or maize— to which a little malt is added to convert the starch into 
sugar. These are distilled in patent stills by which some of the bye- 
products of fermentation (fusel oil, etc.) are also separated. 

(б) Brandy. —This may be defined as a distilled wine, and there- 
fore varies in quality with the character of the grapes used. When 
freshly distilled it is colourless and very strong. It improves with 
age due to the formation of volatile ether and aldehydes. Ordinarily 
it is not distilled from wines but prepared from “silent spirits” and 
coloured with burnt sugar, and flavoured. When prepared from 
wines it is one of the purest and least injurious form of spirits, and 
usually contains 48 to 54 per cent, of alcohol. 
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(c) is prepared by the fermentation of molasses, but 

the best variety is obtained from the direct fermentation of the juice 
of sugar cane. The colour is due to burnt sugar and improves in 
flavour by the development of ether. When kept in oak barrels it 
acquires an astringent property and is less irritating to the stomach. 
Tt contains from 50 to 60 per cent, of alcohol. 

{(I) Gin, — This is obtained by the fermentation of a mixture of 
rye and malt and flavoured with juniper berries, cardamoms, and 
other aromatics. It contains 40 to 50 per cent, of alcohol. 

(e) These are spirits sweetened with cane sugar and 

flavoured with aromatic essences and contain about 83 to 85 per cent, 
of alcohol . 

III. Wines.— \Vine is the result of yeast fermentation of saccharine 
fruit juices, and in case of sparkling wine, of a secondary fermen- 
tation of added sugar. The chief constituents of the juice concerned 
in the fermentation are r sugar — which is a mixture of grape sugar 
or dextrose, and a fruit sugar or bevnlose—albuminous matter, tar- 
taric and tannic acids. The presence of albuminous matter is impor- 
tant, for the yeast lives on it and splits up sugar. Natural wines can 
never be stronger than 15 per cent, of the volume for the accumulated 
alcohol has a paralysing effect on the yeast, if the wine containti 
more alcohol spirit must have been added, when it is called ‘‘fortified 
wine.^^ Substances which influence the action of wines are: — 

1. Ethyl ic alcohol and other alcohols. 

2. Acids. -Tartaric, tannic, and malic acids are the natural acids ; 
tartaric acid is present in the form of bitartrate of potash. 

3. ^ Surfar.~\ natural wine contains about | per cent, of sugar^ 
fortifted wines in wliich the fermentation has been checked contains 
as much as 2 per cent. 

4. Ethers are produced by the action of alcohol and acids, and 
two varieties, tris.j volatile and fixed ethers, are present. 

The principal natural wines are:— 

Claret, containing 8 to 13 per cent, of alcohol by volume. 

Burcjundif resembles claret. It contains a higher percentage of 
alcohol and is richer in extractive matters. 

Hocks are pale wines and have the strength of claret. 

The fortified wines are:— 

Sherry contains about IT to 22 per cent, of alcohol by weight. 
With age sherry develoi)s a large j)roportion of volatile ether than 
any other alcoholic liquor. 

Port Wine contains 19 to 20 per cent, of alcohol by weight. 

Champagne is prepared from black grapes. Strictly speaking it 
should be a natural wine with 9 to 12 per cent, of alcohol by weight. 

IV. Country Spirit or Arrak.— These are prepared by fermenta- 
tion of either rice, inohiia (Bassia laiifolia), molasses or gur (treacle). 
In case of molasses, gur or mohua the sugar is already formed and 
requires dilution with water. But in rice the starch has to be con- 
verted into sugar before fermentation. It contains about 40 x)er cent, 
of pure alcohol by volume (30° under proof). 

V. Toddy. -It is fermented juice obtained from the spadix of the 
fan palm, bastard date, and cocoanut. When the fresh juice is 
exposed to the sun for about ten hours fermentation sets in, due 
to the conversion of sugar, contained in the juice, into alcohol; the 
fermentation is the result of the multiplication of the yeast-fungus 
contained in the liquid, and the frothing is due to the production of 
carbon dioxide gas during fermentation. It contains about 5 per cent, 
of alcohol and resembles beer in its effects. Toddy is largely consumed 
by the poor labourers as a cheap intoxicating drink. 

Action And Uses of Alcohol 
Alcohol when taken into the stomach is freely absorbed^ 
therefore it requires no digestion. It increases the secre- 
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tion and stimulates the muscular activity of the stomach. 
There is a consensus of opinion that alcohol when immode- 
rately taken retards digestion and leads to degeneration 
of the alimentary tract. Liqueurs taken after a heavy 
meal give a tillip to digestion and often counteract the bad 
effects of tea and coffee when taken at the same time. 

The absorption of alcohol is very rapid, and it is found 
to circulate in the blood within iifteen minutes after inges- 
tion. If freely indulged in, it causes a permanent dilatation 
of the vessels of the face, especially of the nose. 

Some important effects are also produced on the brain. 
When the cerebral vessels are dilated, intellectual activity 
may for the time being be so much increased that the person 
is enabled to perform increased intellectual work. Thackeray, 
for instance, got some of his best thoughts ^Vhen driving 
home from drinking with his skin full of wine.’’ 

The question whether alcohol is a food has been much dis- 
cussed, and the chief point is whether it can be regarded as 
a protein sparer. Proteins contribute to the formation and 
repair of tissues ; carbohydrates and fats are sources of heat 
and energy. Since alcohol does not contain any nitrogen, it 
cannot replace protein and therefore has no. power to build 
tissues. Since about 90 p.c. of alcohol taken disappears in 
the body and is converted into CO 2 and water, alcohol by 
virtue of the chemical energy thus liberated can replace 
carbohydrates and fats in the diet, and in this sense is a 
non-nitrogenous food. Moreover, it does not require more 
energy for absorption than other foods. But when taken 
with other foods it economises the use of fat and carbo- 
hydrate, which in their turn are stored in the body, the carbo- 
hydrate as glycogen, and fat in the tissues. As alcohol does 
not require digestion it is in a sense superior to other foods. 

Although it cannot replace protein, alcohol will, under 
certain conditions, spare the protein in the same way as fat. 
It has been experimentally shown (Kosemann and Neumann) 
that on an ordinary diet the nitrogen equilibrium is main- 
tained at a constant level, but if part of fat is withheld 
from the same diet, nitrogen excretion increases, showing 
destruction of protein, i.e., proteins are being drawn upon to 
supply the energy required in place of fat. If, however, an 
amount of alcohol chemically equivalent to the omitted fat 
is added to the diet, nitrogen equilibrium again becomes 
established. It is thus evident that alcohol is able to spare 
protein in the same way as the fat, and can thus prevent 
tissue waste. Alcohol therefore may be regarded as a food 
in the sense that it will, when given with other foods, 
replace carbohydrate and fat for a short time and would 
supply energy and spare protein and x)revent tissue waste. 
But the value of alcohol as a food is limited because the 
supply of energy is fixed and cannot be adjusted according 
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to the needs of the body, nor can it be increased to meet 
sudden emergency, because it cannot be stored in the body 
like fat or carbohydrate as reserve. 

Alcohol, therefore, may have a food value under special 
conditions, but should not be classed with foods, because its 
property of yielding energy is not its chief virtue, and is 
overshadowed by other important and untoward actions, viz. 
— (1) its irritant local action ; (2) its destructive action upon 
the body tissues ; (3) its narcotic action ; (1) its proneness to 
formation of a vicious habit (Bastedo). The hal3itual use of 
alcohol is at best a luxury and is not necessary for growth 
and maintenance of the body, moreover it neither promotes 
greater healthfulness nor in any way retards the onset of 
disease. 

Of the dilierent forms of alcoholic drinks, malt liquors, 
containing, as they do, large quantities of carbohydrates, 
are most nourishing. oz.of bread contains as much carbo- 
hydrate as a pint of good ale. While a glass of milk yields 
about 184 Calories, the same quantity of good beer will 
yield 1C8. 

It was formerly believed that alcohol increased the phy- 
sical power for more work, but later observations have shown 
that it was not so, although in the beginning the muscular 
strength increased through augmented circulation in the 
nervous system. This is soon followed by diminution of work- 
ing power, so that the total amount of work done is less. 

Alcohol is taken not for any stimulant effect, but after 
severe muscular work for its depressing effect on the nervous 
system which gives a feeling of comfort and well-being 
while forgetting fatigue. In fact observations made with 
ergograph have shown that muscular work is not increased 
but it lessens the appreciation of fatigue so that the workers 
think that they have done more work, or perhaps owing to 
this fact may do more w ork, not from increased capacity but 
from lessened appreciation of tiredness. 

The question how much alcohol can be given to a person 
safely depends on a variety of circumstances. It is more 
harmful to those with sedentary habits than to those lead- 
ing an active and outdoor life. Its effects also depend on 
the kind of beverage used. A glass of old and mature 
whisky is less injurious than the same quantity of raw spirit. 
For continuous use an ounce and a half of pure alcohol is 
all that can be utilised as a food in the human body daily. 
Eoughly, ozs. of pure alcohol equals 3 ozs. of whisky or 
brandy, which is equal to pegs, or is equivalent to 7 ozs. 
of sherry, 15 ozs. of champagne, claret or white wine. 

Condiments 

The use of certain substances along with food, which 
though properly speaking cannot be classed as such, but 
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which give relish to the food, is almost universal. These are 
food accessories, and better known as condiments. Pawlow 
has shown that palatable and appetising food before reach- 
ing the stomach excites salivary, gastric, and pancreatic 
secretions. Besides giving flavour and improving the appear- 
ance of the food and thereby exciting the secretion of the 
digestive juices, condiments relieve flatulent distension 
occurring from fermentation in the intestines. Next to salt 
the most useful condiments are mustard, pepper, vinegar 
and ginger, but much difference of taste exists in the use 
of condiments. From long continued association certain 
condiments appear to serve best with certain foods, thus 
mustard is associated with ham, black pepper with eggs, 
lemon and salt with rice, and when deprived of the usual 
relish the food tastes insipid. Substances especially useful 
for this purpose are those obtained from the N. O. Lahiatce 
and TJmhelliferm. 

The condiments commonly used are : — 

Vinegar. — This is crude acetic acid and contains 3 to 4 
per cent, of glacial acetic acid. Vinegar has well-known 
antiseptic and preservative properties, hence it is used for 
pickling tlsh, fruits and vegetables. It also Softens hard 
muscle ftbres of meat and cellulose of green vegetables. It 
is largely used with salads. 

Mnsfard. — This is the powdered seed of the black and 
white varieties of mustard (Sin apis nigra and alha). Pure 
mustard contains 14 per cent, of carbohydrate, 0.06 per cent, 
of volatile oil and 35 per cent, of lixcd oil. Although it does 
not greatly stimulate the gastric secretion, many persons 
And that it increases to a certain extent the appetite and 
often produces a sensation of warmth or a feeling akin to 
hunger. The expressed oil obtained from the seeds is exten- 
sively used in cooking by the Indians in preference to the 
powder. The powder from the black variety is often used 
for the preparation of curries, etc. 

It is usually adulterated with starch, or the oil may be 
abstracted. Cayenne pepper is also added to make the 
taste sharper and also to give colour. 

Black popper, cardamoms, cloves, chillies, pod-pepper, 
coriander, anise, etc., are all used in the preparation of 
different articles of food to give colour, flavour or taste. 
Powdered and mixed together they are sold as ^^curry 
powder.’’ 

Mustard Oil. — Mustard oil, more than butter, ghee or fat, 
is extensively used in India, especially in Bengal. It enters 
into the dietary of most of the people, both rich and poor. 
In fact, it is the only source of body fat with the poor, who 
can ill afford to take either milk or ghee in their dietary. The 
essential oil which it contains imparts to the food a flavour 
not obtainable from any other oil. 
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Mustard oil is prepared by expression of the seeds, of 
which there are three varieties, the colza (Brassica dichotoma)^ 
the rape {B. glauca), and the rai {B. junce). 

The oil is extensively adulterated with some form of 
mineral oil (Batch oil or Bloomless oil). Other oils and seeds 
usually employed as adulterants are surguja or niger seeds, 
poppy seeds, til or sesame oil {Sesamum indicnm), ground 
nut oil, pakra oil (Schleichara trijnga)^ and mohua oil (Bassia 
latifolia)j etc. Pakra oil contains a glucoside which yields 
hydrocyanic acid. 

Turmeric (Curcuma longa). — This is also used as a carmi- 
native and improves the colour of cooked materials. The 
lishy smell is removed when fishes are cooked after being 
smeared with turmeric powder. 

Lemon.— The juice of fresh lemon is also much used, and 
acts as an antiscorbutic owing to the presence of aniiscor- 
hidic vitamin. Addition of lemon juice to some food, e.g.j 
rice, boiled fish, etc., not only gives a flavour but renders 
them more digestible, and it may be regarded as having an 
almost specilic action in promoting gastric digestion. Pre- 
served in salt it is used as an appetiser. 

THE CALCUTTA MUNICIPAL ACT, 192B 
Sale of Pood and Drugs 

405. (1) No person shall, without or otherwise than in conformity 
with the terms of a license granted by the Corporation in this 
behalf,— 

(a) carry on in Calcutta, or at any municipal slaughter-house 
without (hiicutta, the trade or business of a butcher ; or 

(b) sell or expose or hawk about for sale any four-footed animal 
or any meat or fish intend.ed for human consumption, in any place 
other than a municipal market or a private market. 

40B. (1) No person shall directly or indirectly, himself or by any 

other person on his behalf, sell, expo.se or hawk about for sale, or 
manufacture or store for sale, any food or drug which is adulterated 
or misbranded : Provided that an offence shall not be deemed to bo 
committed under this section in the following cases, namely 

(a) where any matter or ingredient not injurious to health has 
been added to any article of food or to any drug because the same 
is required for the production or preparation thereof ; as an article 
of commerce in a state fit for carriage or consumption, and not frau- 
dulently to increase the bulk, weight or measure of the article or to 
conceal the inferior quality thereof ; or 

(h) where any article of food or any drug is unavoidably mixed 
with some extraneous matter in the process of collection or prepara- 
tion ; or 

(c) where a patent has been granted under any law for the time 
being in force in respect of any article of food, and the article is sold 
in the state required by the specification of the patent. 

412. (1) No person shall sell, store for sale, expose or hawk about 
for sale, or keep for sale, any animal intended for human consumption 
which is diseased, or any food or drug intended for human consump- 
tion, or manufacture any such food or drug, which is unsound, un- 
wholesome or unfit for human food. 

(2) In any prosecution under this section the Court shall, unless 
and until the contrary is proved, presume that any animal, food, or 
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druj^ found in the possession of a person who is in the habit of keep- 
ing animals of that class intended to be used for hiiinan consumption^ 
or of keeping or manufacturing such food or drug for the purpose 
of human consumption, has been so kept or manufactured, as the case 
may be, for sale by such person. 

Inspection, Seizure and Destruction of Food and Druos 

417. If tlie Health Officer, or any person authorised by him in this 
behalf, has reason to believe that any animal intended for human 
consumption is being slaughtered, or that the flesh of any such animal 
is being sold or exposed for sale, in any place or manner not. duly au- 
thorised under this Act, he may, at any time by day or by night, 
without notice, inspect such place for the purpose of satisfying him- 
self as to whether any provision of the Act or of any rule or by-law 
made under this Act, at the time in force, is being contravened 
thereat. 

418. (1) The Corporation shall make provision for the constant 
and vigilant inspection of all animals, food and drugs intended for 
human consumption which are in course of transit or are exposed or 
hawked about for sale or of preparation for sale, 

and shall also make similar provision for the inspection, during 
the process of manufacture, of any such food or drug. 

419. (1) The Health Officer, or any person authorised by him in 
this behalf, may at any time by day or by night, inspect and exam- 
ine any animal, food or drug referred to in section 418 and any utensil 
or vessel used for preparing, manufacturing or containing any such 
food or drug. 

(2) If any such animal appears to the Health OfticeV, or a person 
authorised as aforesaid to be diseased or if any such food or drug 
appears to him to be unsound, unwholesome, or unfit for human food 
or for medicine, as the case may be, or to be adulterated, or if any 
such utensil or vessel is of such kind or in such state as to render any 
food or drug prepared, manufactured, or contained therein unwhole- 
some or unfit for human food, or for medicine, as the case may be, he 
may seize and carry away such animal, food, drug, utensil, or vessel, 
in order that the same may bo dealt with as hereinafter in this 
chapter provided. 

(3) The Health Oflicor, or a person authorised as aforesaid, may, 
instead of carrying away any animal, food, drug, utensil, or vessel 
seized under sub-section (2), leave the same in such safe custody as 
ho thinks fit in order that the same may be dealt with as hereinafter 
in this chapter provided ; and no person shall remove such animal, 
food, drug, utensil, or vessel from such custody or interfere or tamper 
with the same in any way while so detained. 

THE BENGAL FOOD ADULTERATION ACT, 1919 

1. In exercise of the power conferred by sub-section (3) of section 
1 of the said Act, the Governor in (council is also pleased to direct 
that the operation of the Act shall bo limited to the following articles 
of food:— (a) milk, (b) butter, (c) ghee, (d) daJii, (e) chhana, (f) wheat- 
flour, ig) ata, (h) mustard oil, and {i) tea. 

Under this Act, the substances mentioned, respectively, against the 
articles of food named below ore their normal constituents : — 

Milk shall be the normal, clean and fresh secretion obtained by 
completely milking the udder of the healthy cow (or buffalo), proper- 
ly fed and kept and has a specific gravity of 1028 to 1030 at 15.50° C., 
and shall contain 4*4 p.c. of lactose. 

Butter is the substance usually known as butter made exclusively 
from milk or cream or both, with or without salt or other preserva- 
tive and with or without the addition of vegetable colouring matter. 

Ghee is the pure clarified milk fat of the buffalo or cow or both 
and has a butyro-refractometer reading of not less than 40 and not 
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more than 42.5 at 4(F 0.; and a Reicliert-Wollny value in the case of 
cow "hee of not less than 24, in the case of buffalo ghee of not less 
than 28. 

Dahl is the product obtained by lactic acid fermentation of the 
pure milk of cow or buffalo and shall have the same percentage of 
fat as tiie milk from which it is derived. 

C/i/iana exposed for sale is the product obtained by precipitating 
curd from boiling milk by the addition of lactic acid liquor and shall 
contain not less than 10 p.c. of milk fat. 

Wheat-floxir (maida) is the line clean sound product made by mil- 
ling wheat and bolting or dressing the resulting wheat meal, and 
contains not more than 1 per cent, of ash calculated on dried 
substance. 

Ata is the coarse product obtained by milling and sieving wheat 
and shall contain not more than 2.5 p.c. of ash calculated on the dried 
substance, i.e., dried to constant weight at lOff’C. 

Mustard oil is the lixed oil expressed or extracted from mustard 
seed and has a saponification value of not less than 109 .and not more 
than 175 and an iodine value of not less than 90 and not more than 104. 

Tea is the leaves and buds of various species of Thea prepared by 
the usual trade processes. Tt contains between 4 and 8 per cent, of 
total ash, the proportion of this ash soluble in boiling distilled water 
being not less than 40 per cent. 'Phe extract obtained by boiling one 
part of tea with 100 parts by weight of distilled water for one hour 
IS not less than 80 per cent. (The tea used in determining the percen- 
tage of total ash and extract is “dry tea,^’ that is, tea dried to constant 
weight at 100 degrees C.). 

2. In respect of the articles ot* food named below, of which the 
normal constituents have been declared under section 4 of the Act^ 
the dedciencies in their constituents or additions of extraneous 
matter or proportions of water mentioned against each article of food 
shall, for the purposes of the Act, raise a presumption, until the 
contrary is proved, that tlie particular article of food is not genuine 
or is injurious to health 

1. Milk. — (a) Whore a sample of milk contains less than 4.4 p.c. 
of lactose it sliall bo presumed, until contrary is proved, that the 
milk is not genuine by reason of the addition thereto of water. 

(b) Where a sample of cow’s milk contains less than 3.5 per cent, 
of milk fat, the milk is not genuine, by reason of the abstraction 
therefrom of milk fat or the addition thereto of water. 

(c) Whore a sample of buffalo’s milk contains less than 6 per cent, 
of milk fat, it shall be presumed that the milk is not genuine for the 
same reason. 

(d) Where a sample of co w’s milk contains less than 8.5 per cent, 
of milk solids other than milk fat, it shall be presumed that the milk 
is not genuine, by reason of the abstraction therefrom of milk solids 
other than fat or the addition thereto of water. 

(e) Where a sample of buffalo milk contains less than 9 per cent, 
of milk solids other than milk fat, it shall bo presumed, that the milk 
is not genuine. 

2. Butter. —Where the proportion of water in a sample of butter 
exceeds 20 per cent., it shall be presumed that the butter is not 
genuine, by reason of the excessive amount of water therein. 

3. I)ahi.—(a) Where a sample of dahi derived from cow’s milk 
contains less than 3.5 p.c. of milk fat, it shall be presumed, until the 
contrary is proved, that the dahi is not genuine by reason of the 
abstraction therefrom of milk fat or the addition thereto of water. 
(6) Where a sample of dahi derived from buffalo’s milk contains less 
than 6 p.c. of milk fat, it shall be presumed, until the contrary is 
proved, that the dahi is not genuine by reason of the abstraction 
therefrom of milk fat or addition thereto of water. 

4. Chhana. — Where a sample of chhana exposed for sale contains 
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less than 10 p.c. ot* milk fat, it shall be presumed, until the contrary is 
proved, that the chhana is not genuine by reason of the abstraction 
therefrom of milk fat or the addition thereto of water. 

5. Wheat-flour. — (a) Whore the proportion of ash in a sample of 
wheat-flour {maida) exceeds 1 per cent., it shall be presumed that the 
wheat-flour is not genuine by reason of the excessive amount of 
extraneous mineral matter therein. 

6. Ata . — Where the proportion of ash in a sample of ata exceeds 
2*5 p.c. calculated on dried substance, i.e., dried to constant weight 
at lOO^’O., it shall be presumed, until the contrary is proved, that the 
uta is not genuine by reason of the excessive amount of extraneous 
mineral matter therein. 

7. Ghee.— (a) Where in any sample of ghee the butyro-refracto- 
meter reading at WC. is less than 40 or more than 42.5, it shall be 
presumed, that the ghee is not genuine by reason of the addition 
thereto of extraneous fat or oil. 

(6) Where in a sample of cow’s ghee, the Reichert- Wollny value is 
less than 24, or the saponiflcation value is less than 220, it shall bo 
presumed, that the ghee is not genuine, by reason of the addition 
thereto of extraneous fat or oil. 

(c) Where in a sample of buffalo’s ghee, Reichert-Wollny value is 
less than 30, or the saponification value is less than 222, it shall be 
presumed that the ghee is not genuine, for the same reason. 

(d) Where in a sample of mixed cow and buffalo ghee the Reichert- 
Wollny value is less than 28, and the saponiflcation value is less 
than 222, it shall be presumed that the ghee is not genuine. 

8. Mustard Oil.— {a) Where in a sample of mustard ^oil, the sapo- 
nification value is less than 169 or more than 175, it shall be presumed 
that the mustard oil is not genuine by reason of the addition thereto 
of extraneous oil. (b) Where in a sample of mustard oil, the iodine 
value is less than 96 or more than 104, it shall be presumed, that the 
mustard oil is not genuine by reason of the addition thereto of ex- 
traneous oil. 

9. Tea.— (a) Where the proportion of total ash (determined on dry 
tea, that is, tea dried to constant weight at 100®C.) is below 4 per 
cent, it shall bo presumed that the tea is not genuine by reason of the 
abstraction therefrom of soluble matter ; (6) where the proportion of 
total ash (determined on dry tea, that is, dried to constant weight 
at 100°C.) is over 8 per cent., it shall be presumed that the tea is not 
genuine bjr reason of the .addition thereto of extraneous matter ; 
(c) where in the total ash, as determined above the proportion of ash 
soluble in boiling water is less than 40 per cent., it shall be presumed 
that the tea is not genuine by reason of the abstraction therefrom of 
soluble matter ; (d) where the extract obtained by boiling dry tea (that 
is, tea dried to constant weight at lOO'C.) with 100 parts by weight 
of distilled water for one hour is less than 30 per cent., it shall be 
presumed that the tea is not genuine by reason of the abstraction 
therefrom of soluble matter; (e) where leaves are present not conform- 
ing in structure to those of the Camellia genus, it shall be presumed 
unless the contrary is proved, that the tea is not genuine by reason 
of the addition thereto of extraneous matter. Tea shall bo derived 
exclusively from the leaves and buds of plants of the “Tea” species. 



CHAPTER XI 

DISPOSAL OF REFUSE 

In every town public health largely depends on the efficiency 
with which all refuse is collected and removed. Refuse 
includes town and house refuse, and human excreta. The 
former are collected and removed hy scavenging and consist 
of (1) dru refuse: ashes, cinders, paper, old iron, glass, tin, 
rag, etc. ; (2) (jarhafje : leaves and vegetables, potato parings, 
rotten fruit, kitchen waste, grease, etc. ; (3) stable litter ; (4) 
street sweepings : leaves, rags, horse and cow dung, and 
often human excreta. Iluman excreta (feces and urine) are 
removed either by the hand or hy mechanical means (Con- 
servancy System), or by a system of drains and sewers to 
some place outside the town (Water-carriage System). 

SCAVENGING 

This includes the collection and removal of all town and 
domestic refuse and other waste material not carried by 
sewers, by means of manual labour. 

Organic refuse has a tendency to undergo putrefactive 
changes in the x)resence of warmth and moisture, when it 



Fig. 34. — Conservancy Lorry for Removal of 
Street Refuse. 

gives oft* an offensive smell and serves as a breeding place 
for flies, and provides food for rats, vermin, etc. ; hence the 
necessity for its early removal. The refuse is received either 
in ashpits or dust-bins, as its deposit on the roadside is 

17 


258 


HYGIENE AND PUBLIC HEALTH 


objectionable since it is liable to be carried about by the 
wind or washed out of the heap during rains. 

Dust bins are best made with corrugated iron. They 
should not be too large ; the simplest shape being a circular 
one open at both ends, provided with a pair of handles. 
They should be placed on a raised, concreted and cemented 
surface, always at a fair distance from any dwelling-house, 
and provided with a cover. In India owing to the climatic 
conditions and the rains, refuse decomposes very rapidly, 
and flies and vermin multiply enormously. It is, therefore, 
necessary that the contents of the dust-bins should be 
removed daily, or twice a day by especially constructed 
carts. These carts are generally drawn by bullocks, horses, 
or buffaloes. Motor vans, which can be tilted by a mechani- 
cal arrangement, are used in big cities for the collection of 
street refuse from the dust bins. All these refuse carts 
Should be covered to prevent nuisance when passing along 
roads fully loaded. The collection should be carried out 
during the early hours of the morning to minimise the 
nuisance. The refuse should be kept dry as far as possible. 

Wheelbarrows are small hand-driven carts used to collect 
refuse from narrow lanes and bye-lanes where refuse carts 
drawn by bullocks and horses cannot go. The refuse col- 
lected by wheelbarrows is deposited in dust-bins. 

Disposal of Refuse. — After collection the refuse must be 
disposed of in such a manner as will not create any nuisance. 
Several methods are in vogue in India, viz. («) dumping and 
filling; (h) disposal in the sea (possible only in sea coast 
towns) ; and (c) incineration or burning. The choice of the 
system to be adopted is generally determined by the local 
conditions and the funds available. 



Fig. 35.— Wheklhakkow. 

1. Bumping . — In this method the refuse is generally 
utilised in filling up insanitary tanks, or reclaiming low lying 
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lands. Bat since it creates a great nuisance to the neighbour- 
hood by the production of offensive gas, breeding of flies, 
harbouring rats and other vermin, it is necessary that the 
land selected should be as far away from human habitation 
as possible, or outside the limits of the town. The work of 
tilling up tanks with refuse should not be done during the 
rains, as foul liquid draining from the heap may cause 
serious pollution of the nearest water-supply. (See Made 
Soil, p. 139). 

Dumping is an old method and modern science has shown 
that the breaking down of lignins and celluloses is due to 
the action of fungi and various aerobic bacteria, but to be 
effective these organisms require an adequate amount of 
combined nitrogen and phosphate and an alkaline reaction. 
To supply this want a preparation under the name of ‘‘Adco” 
has been devised which hastens the formation of humiis or 
''cmnposV^ from vegetable waste. In India where cow dung 
and cow^s urine are easily available they supply the requisite 
nitrogen, etc., for the formation of humus. Experiments 
carried out at Mysore by Meildazis, and at Indore by Jackson 
and Wad* give a new orientation to the disposal of garb- 
age and night-soil, where a large amount of compost has 
been prepared from these wastes. If this can be done 
without much offence, and the product could be utilised for 
fertilisation, a great problem for the disposal of night-soil 
at a profit will be solved. The experiments carried out and 
the experience gained with the original experimental heaps 
show that street refuse can be composted into a valuable 
organic manure without fly breeding when a properly emulsi- 
fied night-soil solution is prepared. The following procedure 
has been recommended by Meildazis : — 

1. Place the rubbish in piles 6 feet wide at the base. 2 
feet high and 4 feet wide at the top. Separate all glass, 
tins, earthenware pots, stones, etc. 

2. Trench the pile down the centre for the application 
of the night-soil emulsion. 

3. Prepare a uniform emulsion of one part night-soil to 
four parts liquid, carefully excluding all leaves and other 
extraneous matter. 

4. Apply the emulsion to the trenched rubbish piles at 
the rate of two gallons per running foot. Close the trench 
in the pile. 

5. Apply the emulsion to the rubbish piles daily for a 
period of about two weeks or until the pile becomes fairly 
moist. Then make applications to the pile every third day. 
The interval of application will depend upon the weather 
conditions. When rains are fairly heavy, the strength of the 
emulsion may be increased and the rate of application 

* Indian Medical Gazette^ Feb, 1934. 
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decreased. If the rains are continuous and heavy enough 
to soak the piles thoroughly, some shelter must be provided 
in order to maintain the high temperatures necessary for 
composting. 

6. When the rubbish has broken down into a brown 
humus mass one-half of the pile may be removed and stored 
for screening ; the remaining portion of the pile may then 
be mixed with raw rubbish and the process repeated as from 
the beginning. 

In communities where the night-soil is collected free of 
extraneous matter, composting may safely be carried out by 
the above method without fly breeding. In order to ensure 
a uniform emulsion, the night-soil may be mixed with the 
proper proportion of water and allowed to liquefy before 
application to the piles. This liquefaction will reduce the 
solid lumps of night-soil which would require additional time 
to break down in the rubbish pile. 



Fig. 36.— Incinerator. Longitudinal section. 

A, Chimney. B, Charging door. C, Openings for stoking. 
D, Iron grating. E, Opening for removing ashes. 


2. Incineration. — The best method of disposal of refuse 
is to render the same harmless by burning. This is generally 
done in a “Destructor Furnace” or “Incinerator.” By this 
process the refuse is reduced to about one-fourth of its 
original weight, and the organic matter is transformed into 
innocuous vapours — carbon dioxide and nitrogen. The 
residuum left after the combustion is a mass of hard material 
called “clinkers,” which are usually utilised for road-making ; 
powdered and mixed with lime, they form cement. 
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In case of a big town it would be more convenient to 
have it divided into districts, and each one provided with 
a destructor furnace, which may bo placed in a central posi- 
tion to minimise the expense of transport. 

During the last war quite a large varieties of incinerators 
were used, but as far as the general principles were concerned 
most of them were practically the same, and were modified to 
meet the local conditions. All incinerators have the follow- 
ing features in common: — 

1. A furnace or combustion chamber lined with brick. 

2. A suitable arrangement witli a platform for tipping 
the refuse through a series of feeding holes through which 
the refuse falls into the cells below. 

3. After the refuse has been brought together by the 
stokers it is burnt down to one-third to one-fourth of its 
original weight. 

4. A bailie plate so placed that all fumes are driven 
through the hottest part of the incinerator or combustion 
chamber before passing up the chimney. 

Both the Meldrum and Horsfall destructors Averc used 
during the war with considerable success. Large scale 
destructors like the Horsfall can only operate if forced 
draught is available by blowers. But no scheme of refuse 
destructor has yet been devised that will pay for itself. 
The Meldrum destructor depends for its action upon a forced 
draught produced by a steam jet. When properly used 
it acts very satisfactorily, but needs great care for success- 
ful and continuous work Fig. 46). The fumes are 
cremated by passing tlirough a combustion chamber Avhich 
separates the furnace from the Hue. For a large type it is 
necessary to feed from a platform at the top, the material 
passing directly on to the fire. 

The incinerators built of mud or iron without fire brick 
do not give satisfactory results. They are, however, suit- 
able for fairs and raelahs of short duration. The “Beehive 
Incinerator” which was extensively used during the war 
will be found to give very satisfactory result under such 
conditions (see Village Sanitation). A common defect in 
many incinerators is that the draught is not sufficient, con- 
sequently they give off offensive smoke which creates a 
nuisance. 



CHAPTER XII 

DISPOSAL OF HUMAN EXCRETA 

It is of primary importance in any community of persons to 
make arrangements for the collection and removal of excreta ; 
and on the efficiency with which these are removed depends 
the health of the people inasmuch as many organisms, 
chiefly those of cholera, typhoid and dysentery, And their 
way from the fecal matter into the gut of the healthy human 
beings. In Western countries, where the water-carriage 
system is used for the removal and disposal of human 
excreta, most of these diseases so common in tropical coun- 
tries have almost disappeared. 

In many of the tropical countries there are no organised 
arrangements for the collection and disposal of human ex- 
creta. Indeed in most villages and non-municipal areas 
there are no arrangements for latrines with the result that 
people use any open land for defecation. In certain parts 
of India (United Provinces) the open terrace of the house is 
often used for the purpose and the excretal matter is left 
to dry under the heat of the sun. It is possible that the 
desiccating effect of the tropical sun may render any specific 
organism harmless, but there is always the x>ossibility of 
these being washed by the rain into the nearest tank, river 
or well, or being carried about by flies, etc., and infecting 
food. Apart from the sanitary point the idea of fecal 
matter being deposited ijidiscriminately in and around the 
house and the absence of any privacy when the open field is 
used, are revolting to all ideas of decency. 

In the ordinary Indian towns, the nuisance and danger 
of conservancy exist chiefly at three points, vis., in the 
privies, in the removal of crude night-soil through the 
streets and lanes by buckets or carts, and at the trenching 
ground. The latter is a source of nuisance and danger by 
breeding flies, and is usually unremunerative or perhaps 
slightly remunerative. 

CONSERVANCY SYSTEM 

In small municipal towns for want of sufficient funds it is 
not possible to lay down sewers for the removal of excreta, 
and since they cannot be allowed to accumulate about the 
house, arrangements should be made for their removal from 
privies and latrines by the dry method. 

The efficient working of this system is of great impor- 
tance ; the principle aimed at being that filth, refuse and all 
putrescible matter should not be exposed to flies, or allowed 
to contaminate the water, but should be transported and 
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disposed of safely and with creation of the least nuisance 
possible. 

The amount of excreta to be removed daily depends upon 
the number and the habits of the people. An adult Euro- 
pean male living on a mixed diet passes about four ounces 
of solid and fifty ounces of liquid excreta daily, while an 
Indian, owing to his vegetarian diet, passes between eight 
to sixteen ounces of solid. Taking all ages and both sexes, 
the average daily amount of solid excreta per head is about 
twelve ounces. In India water, instead of paper, is used for 
cleansing purposes, and this ablution water together with 
the liquid excreta makes up about eighty ounces. The 
average daily excreta to be dealt with in a mixed population 
can be estimated by multiplying twelve ounces of solid and 
eighty of liquid by the number of persons. 

The important constituents of excreta are nitrogen, phos- 
phates and potash. Pascal matter, specially when mixed 
with urine, undergoes rapid decomposition and gives rise to 
foul gases, chiefly organic vapours and ammonium sulphide. 
It is a matter of practical importance that the excreta 
should be protected from rain and flood water, otherwise not 
only will the sewage be not efliciently removed, but the 
whole mass will undergo fermentation and create a serious 
nuisance. 

Latrines. — In villages people generally use the garden or 
some open land for purposes of nature. This is a very insa- 
nitary practice, as faeces charged with pathogenic organisms 
or their spores are liable to be conveyed by dirty hands or 
feet, or by the agency of flies, into the human system. Fur- 
thermore, after rains, the washings often pollute tanks or 
any source of water-supply near about and help in the spread 
of water-borne diseases. It is therefore necessary that some 
arrangement in the shape of latrines or privies should be 
made to overcome these defects. 

For practical purposes an arbitrary distinction is made 
between a latrine and a privy, A privy for public use is a 
latrine. Certain cardinal rules have to be observed in the 
construction of latrines. They should always be placed on 
an impermeable base which should be higher than the 
surrounding ground. They should be so constructed that 
the sun’s rays can enter the latrine apartment for as many 
hours in the day as possible, that rain is kept out, and that 
privacy is maintained. The following details in their cons- 
truction require careful attention : — 

1. They should be so designed that all excreta and wash 

water will automatically find their way into some receptacle, 
so that no brushing will be necessary. / ' 

2. The materials used should be non-absorbent to pre- 
vent pollutioir of the soil through soakage. 

3. Satisfactory arrangements for the reception of 
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nighfc-soil, and separation of liquid excreta, should be made 
{see Pig. 37). 

4. They should be provided with a separate passage 
for the sweeper leading to the trap door. 

5. Ventilation should be thorough and efficient, even 
when the doors are closed. 

A model latrine or privy may be described under the 
following heads : — 



1. The superstructure, which 
includes the roof and the walls. 

2. The floor and the seat. 

3. The collecting chamber. 

1. Tffc Boof.— The roof may 
be either terraced or sloping. 
Sloping roofs may be of corru- 
gated iron, tiles or grass. 

The ivalls may be either of 
brickwork, corrugated iron or 
bamboo matting. They should 
be pigeon-holed towards the 
ui)per half for propei ventilation 
It is better that the Yoof should 
have an ample ridge ventilation ; 
or an opening of about two feet 
may be left between the wall 
and the roof (see figure 37). 
Large ventilating holes, each two 
feet square, may also serve the 
same purpose. 

2. The Floor and the Scat. — 
The floor should be made of 
some impervious material, c.r/., 
brickwork set in cement, slate, 

stone or iron, and should be sloped towards an opening or 
drain leading to a receptacle. The best material is either 
vitrified brick, marble, or granolithic cement. These are 
non-absorbent, and when properly laid make an elegant 
floor which can be easily cleaned, and require no further 
attention. 

The Foot Rests must be in the right position and not too 
wide apart, or else the fieces will not fall into the receptacle 
below. The sides of the opening should be sloped from 
above downwards and outwards ; this will do away with the 
disadvantage of fouling the sides. 

3. The Collecting Chamber should always be of masonry 
work with the walls and floors cemented and corners rounded 
ofl: to facilitate easy and thorough cleansing. The floors 
should be concreted and raised 6 in. above the level of the 
surrounding ground with a slope leading to an opening. The 
trap-door should be well-fitting and properly tarred. 


Fig. 37.— Privatk IjATRine 
Showing the superstnicture, 
the walls, the collecting 
chamber with aiitisplash 
pail, and a vessel for collec- 
tion of urine and water. 
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The Pail or receptacle should be placed about 6 inches 
under the seat to prevent splashing. In some cases this 
distance is very great and may be 8 It. to 10 ft., even more. 
The best receptacle is a tarred iron or galvanised bucket 
provided with a movable lid or cover. An earthenware 
vessel (gumla) is however ordinarily used. These should be 
periodically taken out, washed, and tarred. To prevent 
splashing special antisplash pails of galvanised iron with a 
removable conical cover (sec ligure 37) may be used. These 
can be htted with a cover and carried directly to the trench- 
ing ground, and Avill do away with the use of soil carts. 

The practice of using water for cleansing purposes in 
India necessitates a separate arrangement. The urine and 
ablution water are carried by a separate conduit or pipe and 
collected into a special receptacle placed at a convenient 
site in the collecting chamber, while the solid excreta fall 
directly on the bucket. The receptacle for the urine and 
ablution water may be tarred earthenware or an iron vessel. 
This separation system has many advantages. The liquid 
being collected in a separate receptacle decomposition does 
not take place so rapidly and, therefore, the latrine becomes 
less offensive, there is also less nuisance during removal. 
Apart from these advantages, the separation system prevents 
the possibility of splashing and overllowing of the pails, 
which so often happens when used by a large family. To 
avoid splashing people often use any part of the latrine 
other than over the proper opening and thus make it horribly 
filthy. Therefore especially designed platforms and foot 
rests must be constructed to separate the urine and ablution 
water. The platform may be made of glazed stoneware, 
brick-work plastered with cement, or of cast iron. 

Service privies should be at least 6 feet away from any 
dwelling to permit a free circulation of air between the 
house and the privies. From a well or a tank they should be 
at a distance of at least 50 feet. The pail contents should 
as far as possible be kept dry by throwing ash, sand, or dry 
powdered earth into the pail after each visit. This has the 
advantage of lessening the emanations of foul gases. The 
eontents of the pail should be removed at least once a day. 

Besides the above the following are also used 

1. The Well or Pit Latrine. 

2. Bored-hole Latrine. 

3. The open-air privy in fields. 

4. The Oommode. 

5. The Eeceptacle Latrine. 

6. The Trench Latrines. 

7. Chemical Closet. 

1. The Well or Pit Latrine.— In this system there is no 
movable receptacle, but the excreta are received in a hole or 
well, usually 6 ft, to 20 ft. deep, sunk in the ground. This 
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system is most insanitary as not only foul gases are evolved^ 
but there is risk of pollution of water-supply through soak- 
age, especially after a rise in the level of the sub-soil water. 
But it is less dangerous than surface pollution caused by 
indiscriminate defnecation where there is no organised con- 
servancy or privy arrangement. A modified form of well- 
privy is now largely used in the form of ''Pit Latrines.’' By 
this system, provided the site and soil are favourable, the 

effect is more or less automatic. The 



excreta are finally and quickly dis- 
posed of, thereby rendering any fur- 
ther handling unnecessary, which 
makes the ordinary pail latrine so 
objectionable. These Avere largely 
used in France during the war. 

(a) The Site . — It should be on an 
elevated land and well away from 
and below the water-supply, so 
that the flow of ground water is 
away from this supply. The soil 
should be porous and the pit should 
be unlined. A clay soil or a soil 
subject to frequent flooding is un- 
suitable. Disinfectants by killing 
the bacteria stop the nitrifying 
process. 

(h) Depth . — This will depend 
upon the location of the site and the 
nature of the soil. Ordinarily 6 to 
8 ft. is enough. The number of 
bacteria diminishes beloAv this 
depth. 

(c) Seat . — It is better, whenever 
possible, to have the seat made of 
wood or sandstone. The wood should 
be antproof and tarred orcreosoted 
all over, and should rest on a layer 


Fig. 38.~Pit Latrink of bricks to make it higher than the 


(From History of the 
Great War). 


adjoining ground. 

(d) Drainage . — It is essential 


that a well-constructed drain surrounding the whole build- 


ing to carry the rain and storm water should be provided for. 
2. Bored-hole Latrines. — These were devised with the 


object of supplying cheap latrines in rural area s to reduce the 
incidence of disease resulting from want of latrine accom- 


modation. They have been used successfully in Ceylon, Java, 
Federated Malay State, Madras and United Provinces, and 
provide a satisfactory and inexpensive method of disposal of 
human excreta. They are cheap and require very little space. 

They resemble pit latrines and consist of a circular hole 
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14 in. to 16 in. in diameter and 10 ft. to 20 ft. deep. They 
are most successful if the hole goes at least three feet below 
the surface of the ground water. The top of the hole is 
covered by the squatting plate of reinforced concrete 30 in. 
X 36 in. X 2^ in. with a slope to a hole 10 in. x 6 in. at the 
centre (see Fig. 39). The superstructure may be built 
according to the taste and local 
conditions to afford privacy and 
protection from sun and rain. 

When they lill up to about 2^ feet 
from the ground level they should 
be tilled in with dry earth and the 
squatting plate may be removed 
and placed over fresh borings. 

As in the case of pit latrines, the 
excret^a undergo biological disin- 
tegration and liquefaction with 
formation of gases. These latrines 
may be used with much benefit 
for a considerable period where 
there is no organised conservancy 
system, in tea gardens, and 
other congregations of labour. 

They should be bored in the 
earth which is moderately hard 
and compact and the site selected 
should be 50 ft. away from any 
well or tank, and not subject 
to Hooding. A lining of basket 
work made of split bamboo is 
useful in preventing caving. 

Where the surface soil is soft an 
empty barrel of 18 in. or cement 
cylinder will support the walls of 
the hole at the top. Breeding of 
flies takes place up to 9 ft. from 
the surface, but a spray of crude 
oil 4 parts and kerosene 1 part will 
stop this menace. These latrines 
were extensively used at the naval 
base during construction at Singa- 
pore. They are closed when the 
night-soil is 7 ft. from the surface. 

After the night-soil has disinte- 
grated and disappeared, which 
takes about two months, they can 
be used again. 

3 . “ ■ 



Fig. 39.~Kored-hole 
Latrike. 

A, Superstructure; IL 
Squatting plate; ('. Con- 
crete cylinder, usually 
not necessary ; 1), Bam- 
boo basket for retaining 
soft earth ; E. Water. 
{Tropical Diseases Bul- 
letin, vol 26, No. 12.) 

The Open-air Privy in the Field.— In villages and 


rural areas where no proper arrangement for disposal of 
night-soil exists, people usually go to some open field or 
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waste land to empty their bowels and then use a tank or any 
source of water available for ablution purposes. Such a 
practice should be discouraged as it is not only very in- 
sanitary but also the chief factor in spreading hook-worm 
infection and water-borne diseases. 

4. The Commode. — The use of the commode is very 
popular with the Europeans in India specially in places where 
there is no water-carriage system. The arrangement is 
very simple and consists of a porcelain or enamelled pan 
litted in a wooden or iron stand, the top of which forms the 
seat. If proper care is taken to keep the pan clean there 
<3an be no objection to its use. 

5. The Receptacle Lat- 
rine. — This form of latrine 
was extensively used during 
the war with much success. 
It consists of a Avooden seat 
fixed directly on the latrine 
bucket. The seat is litted Avith 
a self-closing lid which makes 
it fiy-])roof. The individual 
pails can be removed directly 
either into the trenching 
ground or for incineration ; or 
the contents may be transferred 
into one large receptacle for 
removal. This receptacle lat- 
rineraay be conveniently placed 
in the bath room, and provided 
proper care is taken to keep it 
clean and periodically disinfec- 
ted it will be found very satis- 
factory in the mofussil stations. 

6. The Trench Latrines.— 
These are made by digging 
long trenches, usually 1 to 2 
feet deep and 8 to 10 inches 

should place one foot on each 



Fig 


A, 


40 . — F Lr- FROO F R kcept aclk 
Latrine. 

Latrine bucket ; B. 8eat ; C. 
Cleats to ensure proper posi- 
tion. I), Fly-proof covau ; E, 
Hack standard causinj? cov^er 
to close autouiatically. 
(From History of the Great 
War). 


wide. The person using it 
side of the trench and squat in such a manner that the urine, 
ablution water and the solid excreta should fall directly 
into the trench. They should be properly screened and 
after use should be filled up with the excavated earth. These 
and the Bored-hole latrines are satisfactory as a temporary 
arrangement during Fairs (which see), etc., or in rural areas 
Avhere there is no organised conservancy system. 

7. Chemical Closet. — This type of closet has come into 
vogue recently and is suitable for isolated houses, boats, air 
crafts, motor caravans, etc. It consists of a seat resting on the 
top of a tank which is filled with a solution of caustic soda and 
phenol and covered with a layer of crude oil. The excreta 
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fall into this solution where the alkali disintegrates and 
dissolves the excreta, phenol kills the bacteria and the oil 
prevents odour. When the tank becomes full the contents are 
either deposited on the land or discharged into a sump hole. 

Public Latj^ines and Ubinals 

There are two types of public latrines : — 

1. Fixed or Permanent. 

2. Movable or Temporary. 

1. Fixed or Permanent Latrines. — In most towns and 
villages, latrines and urinals for the use of the public in 
railway stations, schools, theatres and other public places 



Fig. 41.— Fouu-seated Public Latrine 
Half Section and Elevation. 


should be arranged for. In places provided with a water- 
carriage system these do not give any diitlculby, and there 
will be no nuisance if arrangements are made for their pro- 
per flushing, ventilation. and lighting. But it is not so easy 
where there are no sewers and where the excreta have to be 
removed by sweepers or methers. Unless these are properly 
constructed and attended to, they are a great nuisance. 
In order to minimise this the following points require careful 
attention : — 

1. They must be well lighted and ventilated, and privacy 
must be maintained. 

2. The urine and wash water must be separated from 
the solid excreta. 

All public latrines should be constructed on a masonry 
plinth 6 inches to I foot high. The superstructure may be 
of angle iron framing with corrugated screens and roof, sa 
arranged that there is a free circulation of air throughout. 
Instead of corrugated iron the superstructure may be built 
with brick and cement, and provided the walls are cement 
plastered or covered with glazed tiles to prevent soakage, 
these will be found to be quite satisfactory. The floor 
should be of cement or patent stone, so that the latrine can 
be effectively washed and kept clean. 
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The separation of wash water and urine from solid excreta 
is necessary to minimise nuisance. This requires suitable 
«eat arrangements, so that the solid excreta will be depo- 
sited iaseparate receptacles, while the urine and wash water 

will be drained into a special vessel 
or into a masonry cesspit. The 
best form of seat is that of Donald- 
son’s separation system (sec tig. 43). 
The shaded portion of the foot 
rests are used during defecation 
when the night-soil falls into special 
buckets ; during washing the user 
moves forward and the wash water 
is conveyed through a different 
opening into a common channel 
connecting a row of seats and is 
collected in a separate receptacle. 
Masonry seats are better than iron 
-ones as the former can be easily cleaned, while the latter 
require to be tarred periodically and cannot be kept so clean. 

The following points must be carefully observed : — 

1. No wood or any absorbent material should enter 
into their construction. 

2. They should be thoroughly ventilated and kept scru- 
pulously clean. 

3. The approaches should be x>i'operly made and kept 
clean. A sweeper should be retained for each latrine and 
provided with a suitable disinfectant, c.q. crude oil. 

4. Every latrine should be provided with a light and an 
ample supply of water. 



Fig, 43,— Seat arrangement in a Public Latrine. 

Note the separation system. 

5. The receptacles for the night-soil and wash-water 
should be so placed as to be easily removed and cleaned. 

6. There should be provision for the removal of the solid 
and liquid excreta in air-tight receptacles. 

7 . The night-soil receptacles should be daily washed and 
periodically tarred. 

It is almost impossible to keep a public latrine clean and 
avoid creating a nuisance. They are always misused. The 
only way to avoid this is to see that the latrines are regu- 
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larly aad etilcieiitly cleansed. The sweeper must be in 
constant attendance, otherwise people will use any part of 
the latrine especially the passage and create a nuisance. 

A large number of smaller latrines suitably distributed 
is more effective than a few large ones which are much 
more costly to construct and maintain. 

2. Movable or Temporary Latrines.— These are of 
great use in segregation cam[)s, melahs (fairs), and all other 
places where latrines are required only temporarily. They 
are common in dry x^arts of India. The latrine should be 
easy of transport, and when not in use so compact that it 
can be tracked away in a godown or shed. The recej>tacle 
for night-soil is simply placed on the ground with bricks for 
foot rests. They require no i>linth or roof, and the x^artitions 
are made with corrugated iron sheeting. They are removed 
when the ground becomes foul and ill-smelling, when it 
should be dug up and left exx^osed to the sun and air for 
about a year. No masonry work should enter into their 
construction, and the site should always be high. The 
latrines should be removed once in a month during the rains 
and every second month during the dry season. 

Urinals. — Like lat- 
r i n 0 s arrangements 
should be made for 
urinals at convenient 
places. Where there is a 
water-carriage system 
these give no trouble, 
provided they are x^roper- 
ly constructed, well- 
flushed and kept clean.* 

The superstructure 
and partitions may be 
of corrugated iron, but 
a masonry structure 
is cleaner. All surfaces 
with which the urine 
comes in contact must 
be smooth and non- 
absorbent ; the best 
material being plate 
glass, glazed stoneware 
or slate. There should 
be a continuous flow of 
water or an automatic 
flush of water at short 
intervals. In villages 44--Ukinal Range fou Pirnuc Use. 

the whole structure should be raised on a plinth and the 
urine received in a receptacle which should be emptied at 
regular intervals and its contents suitably disposed of. 
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Collection oe Night-soil 

The collecCioa of night-soil is usually done by sweepers 
(methers) who remov^e the contents of the privy pans into 
tarred wooden buckets (pails) which are carried either direct 
to the trenching-ground, or their contents transferred into 
night-soil carts at the depots, and then taken to the trench- 
ing ground for final disposal. In the outskirts of Calcutta, 
where a hand removal system still exists, the night-soil is 
carried to depots and emptied into the main sewer. The 
collection of night-soil should be done in the early hours of 
the morning, and if possible once again in the afternoon. 
Urine and wash water should also be removed by night-soil 
carts for disposal. In some of the rural areas of Malay States 
the night-soil is disposed of in large well-like excavations, and 
the manure is subsequently used for agricultural purposes. 

Considering the fact that nuisance increases with the 
bulk of the population and with the number of handlings, 
it is always better, whenever possible, to remove night-soil 
by substituting special metal receptacles in place of giimlasy 
which can be carried bodily to the trenching-ground either 
by a sling, or on a especially constructed ‘‘Eecept^acle Cart.^^ 
This will have the effect of minimising nuisance by doing 
away with the ordinary night-soil carts, removing the filth 
direct from the latrines in absolutely air-tight sealed recep- 
tacles without being moved or stirred and avoiding spillage 
or the spread of offensive odours. This arrangement is 
suitable for small communities. 

In Kuala Lampur and Ipoh the night-soil is carried in 
lorries containing 80 to 100 buckets. Two lots of buckets, 
red and white are used. The lorries start with clean 



Fig. 45.~Night-soil Cart. 

buckets of one colour and change these for buckets with 
night-soil at the latrines. These are taken to the bucket 
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washing station. Most of the buckets being only one-third 
full they are emptied to make a complement of full buckets 
at the washing station and then removed to the trenching 
ground, washed, emptied, brought back and washed. 

Niijht-soil Carts. — These are usually made of steel with 
iron wheels. They have a capacity to hold 90 to 110 gallons, 
and are fitted with a double lid which can be sealed with a 
little earth. The body is pear-shaped and is so hung that it 
empties itself by revolving on the axle. 

Nirjht-soil Bumping Depots. — In the outskirts of Calcutta 
where the hand removal system still exists and in places 
where there is a skeleton system of sewers, the contents of 
the service privies are taken into night-soil depots and then 
discharged into the sewer. This method is not an ideal 
method, but in the absence of the water-carriage system 
it is a great improvement on the alternative method of 
disposal of night-soil by trenching. These dej^ots should be 
situated at a convenient distance so that the contents may 
be carried by sweepers direct thither. 

DispOkSal op Night-soil 

The disposal of night-soil in such a manner as to secure 
it from being any longer a nuisance or menace to public 
health is a difficult problem. But all excremental matters 
can safely be disposed of either (1) by trenching ; (2) by 
complete burning (incineration) ; or (3) by water-carriage 
system at dumping depots. Trenching may be done in siin 
as in the case of shallow trench latrines or deep pit latrines ; 
or night-soil may be removed to a distance and utilised for 
agricultural purposes by the formation of humus or compost 
(see p. 259). Burning is done in some special form of 
incinerators. 

I. A trenching ground is a plot of land where the night- 
soil is disposed of by burying it in the soil. Strictly speak- 
ing trenching of night-soil is a biological process, but it is 
not included in the same category as septic tanks. Trench- 
ing plays a very important part in the disposal of sewage in 
the tropics, and it is important that the best method of lay- 
ing out the ground and managing these places should be 
clearly understood. 

The trenching ground should always he situated outside 
a town and atleast a quarter of a mile away from the nearest 
dwelling house. It should be on a raised ground so that it 
will not be water-logged diiringthe rains. Wheneverpossible 
the ground should be on one side of the town away from the 
prevailing wind and should be separated from the town by 
some rapidly growing trees, or a clump of bamboos. 

The Soil. — The character of the soil is of great importance. 
It hould be light and porous a clay soil is unsatisfactory. 
Light sandy loam, occasionally found on the banks of large 
18 
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rivers is very satisfactory. The nitrifying organisms which 
are more numerous in the upper layers of the soil convert 
the organic nitrogen in the excreta into nitrates. It is 
therefore necessary that the excreta should be deposited as 
near the surface as is safe from a sanitary point of view. 
Black cotton soil makes excellent ground as long as it is dry. 
But when it gets sticky it is not so suitable. 

Method of Laying out Trenching Ground. —A. trenching 
ground should be of sufficient size to allow of trenching of 
the excreta of the total population for three years, without 
using any part of the land twice. It should be divided into 
three plots, so that every plot may be trenched once every 
three years, the remaining two plots being kept under cul- 
tivation while the other is being used. Cultivation is of vital 
importance to the success of the trenching ground, for other- 
wise the ground becomes sewage sick and unlit for re-trench- 
ing. Col. Fry and Dr. J. L. Das have, however, shown that a 
trenching ground after prolonged use ‘ripens’ like a septic 
tank and can disintegrate night-soil more rapidly. In the 
Cossiporc ground a trench opened after one month showed 
no trace of fecal matter which was all converted into black 
soil lit for cultivation. 

The trenches should be 18 inches broad, and 12 or 18 
inches deep and 20 to 30 feet long. They should be two feet 
apart, and should not be too long, as that will necessitate 
filling the trenches from two or three difierent points. In 
the dry weather night-soil to the depth of 6 inches should 
be put in trenches 18 inches deep ; and 4 inches in trenches 
12 inches deep. In wet weather 4^ inches in 18-inch and 3 
inches in 12-inch trenches should be similarly filled. These 
then should bo covered with the excavated earth. If more 
night-soil than mentioned above is placed in the trenches, the 
night-soil swells up and comes to the surface of the ground 
causing great nuisance. Very shallow trenching, i.e. when 
night-soil is placed in trenches only six inches deep, is very 
insanitary, as with the drying action of the sun and hot 
winds a very highly infective dust is formed. It may, how- 
ever, be done under proper supervision and where there is 
abundant supply of water. 

The following points should be observed in the manage- 
ment of a trenching ground : — 

1. There should be one or two good roads according to 
the size of the plot, within the ground, so that the carts can 
come right up to the trenches. 

2. It should be provided either with a well or a tank 
for washing the buckets and carts and for irrigating the 
land under cultivation. 

3. Arrangements should bemade for drainingof rain water. 

4. Trench-filling should be systematic and should begin 
from one end of the ground. 
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5. As soon as the carts have discharged their load into 
the trenches, the excreta should be immediately covered with 
earth which should be broken up, otherwise the ground will 
be a great source of nuisance and will breed Hies. 

6. In hUing up the trenches an excess of earth should 
be used to form a dome, and not flush with the surface. 
This will allow a certain amount of sinkage due to settling 
of the earth, without forming a hollow or depression where 
water can collect. 

7. There should be a covered shed for the storage of 
utensils, etc. 

8. The carts and pails should be thoroughly cleansed both 
inside and out with some liquid disinfectant. Crude oil is best. 

9. Cultivation should begin three months after trench- 
ing. The ground should be deep-hoed, ploughed up and 
sown at first with dhoop grass, sugar-cane or tobacco. After 
this all kinds of vegetables may be grown. 

Disadvantages of trenching grounds : — 

1. Proper supervision of the working of the trenching 
ground is very difficult. 

2. The most common defect is that the trenches are 
filled too much with night-soil. These are filled to the brim 
with night-soil and urine and covered over only with a little 
earth scraped over the top so that the earth sinks to the 
bottom of the trenches leaving the foul smelling pool of 
night-soil full of maggots on the top. 

3. Suitable soil is not always available, and in many 
parts it is difficult to get a good supi)ly of water, which 
means that the carts and buckets cannot be properly washed 
and the land cannot be properly cultivated. 

4. Theoretically speaking a well managed ground should 
not breed flies, but in actual practice it does breed flies and 
is therefore dangerous to public health. Flies really breed in 
the latrines and the eggs are carried to the trenches with the 
night-soil where they develop into maggots. To keep away 
maggots and flies from the trenching grounds implies clean 
latrines. This can be done by not allowing the fecal matter 
to remain long in the buckets and by using plenty of crude oil. 

5. The larger the amount of night-soil to be disposed 
of, the greater is the possibility of nuisance, and the more 
are the defects in the system noticeable. 

II. Incineration of Night-soil.— This method of disposal 
by completely burning up of night-soil is being greatly ad- 
vocated in India. If properly carried out in a well-designed 
furnace destructor it will be found to be very sanitary ; and 
the possibility of contaminating the water-supply or the 
danger of polluting the air by smoke or vapour will be 
reduced to a minimum. 

The incineration of night-soil may or may not be com- 
bined with the incineration of street refuse. In some places 
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a certain amount of refuse may be utilised as fuel, but this 
is not always so. Where the street refuse contains dry 



grass, straw, rags, paj^er and other inoffensive combustible 
material, these may furnish all the fuel necessary. It is 
not always that one gets in Indian towns enough combusti- 
ble material in the refuse to utilise for incineration of night- 
soil without any addition of extra fuel. This naturally 
makes incineration an expensive process. 

The incinerators for night-soil should be of a closed type; 
their main principles have already been discussed (see p. 260), 
but incineration to be successful the following conditions are 
necessary 

1. The incinerator must be so built as will stand rough 
usage and the materials used should stand extreme heat. 
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2. Since a good draught is essential, the air inlets must 
be adequate, and the chimney sufficiently large and high. 
The openings of the grating should not be more than to 
2 inches. 

3. The smoke should bo rendered inodorous either by 
providing a baffle plate or by placing a horizontal grid a 
little below the entry into the flue. This will allow the gas 
to pass through a layer of glowing fuel from a lire lighted on 
this grate. 

4. The mixing uj) of the night-soil with the combustible 
material should be done in proper proportion. The fuel 
should be dry and the mixture should be put in the fire when 
it is blazing. The stokers should be well trained. 

5. As mentioned before, the ordinary street refuse is 
not always inflammable and may not serve as a fuel, and a 
good supply of combustible material is, therefore, necessary. 
Usually saw dust, coal dust, wood shavings, dry grass or 
straw, are used for the purpose. It must be noted that the 
possibility of smoke nuisance is less if plenty of fuel is mixed 
with the night-soil. 

6. As it is essential that the fuel should be dry, a 
covered shed for the storage of fuel must be provided. 
During the rains it is impossible to keep any combustible 
material in a readily inflammable condition. The mixing 
platform should have a concrete floor. 

Disposal of House Eefuse and Night-Soil 
BY Indore Method. 

This process has been described on page 259. It has been 
tried as an experiment at Tollygunge (Calcutta Suberb). A 
pit approximately 45 ft.’ by 27 ft. was constructed at the 
Municipal trenching ground area by excavating 15 inches of 
soil and piling the cut earth on the untouched side so that 
the finished depth Avas 2 ft. and H in. A three-inch brick lin- 
ing was then put iii and the edges protected by a brick curb. 
Division walls were constructed to make five compartments 
of 400 eft. capacity, aeration and drainage channels made in 
the floor and the area round the pit protected with brick 
soling. 

Working . — Eubbish carts first dump their contents into 
a pit and the refuse is roughly levelled off to a thickness 
of six inches. Further supplies are dumped on the adjacent 
platform. Night-soil carts on arrival are at once backed up 
against the curb at either end and their contents dumped. 
The night-soil is then covered with a layer of refuse from 
the heaps on the platform and the whole lightly mixed by 
being drawn towards the sides, further refuse being added 
till all night-soil is taken up. A six-inch rubbish is again 
deposited over the whole, and the process repeated till the 
pit is full. 
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Two feet of the contents at one end are finally drawn up 
over the rest to leave a space for subsequent turning. The 
surface is then raked roughly level and covered with a thin 
layer of dry rubbish. 

The filling of one compartment should be completed 
within two days and if the pit is properly filled no odour is 
perceived. 

Within five days from the start the pit contents must be 
turned to complete the mixing, which cannot be properly 
done till the materials have become uniformly damp and 
softened by the high temperature (over ISO^F.) that is rajndly 
attained. 

Ely larvse breeding in the pit are forced to the cooler 
surface by the heat and are killed by being buried again in 
the hot mass during such turning. 

The mixing and turning are best done with manure drags 
by men standing on the division walls or on a rough plank 
spanning them. The process is quite clean, since there is no 
contact with pit contents. 

The material should be turned a second time after a fur- 
ther ten days. All traces of night-soil will then have disap- 
peared. After a further two weeks it can be retnoved and 
stacked, the whole process thus taking one month. 

Stacks should be 3 feet to 4 feet high, and clear of the 
loading platform. Any material then not sufiiciently broken 
down, such as sticks, leather, cocoaniit husks and old tins, is 
picked out during stacking and tossed into an adjoining pit 
for further treatment, while inert material such as brick- 
bats, etc., is thrown on to the roads to serve as metalling. 
This hand picking can quite easily be done at this stage 
when the pit contents have been converted into a rough 
inoffensive compost. 

The heaps are left to ripen till required, and are ready for 
use as a dressing for growing crops at any time after 
another month. 

In very dry weather it may be necessary to sprinkle a 
little water on the refuse when filling and again when 
turning over. The contents need to be damp but not wet. 

In very wet weather when the surface is kept continually 
cool by rain, there is liable to be much breeding of flies in 
the first stage but since these cannot escape and are turned 
in and destroyed before they can emerge as flies, no nuisance 
results. 

The great point of the process is that it deals with both 
of the troublesome domestic wastes at one time, without 
nuisance, and at a cost no greater than that of the primiti^'e 
methods of trenching the night-soil and dumping the refuse 
into depressions and covering with earth. Instead of getting 
no returns the compost yields a sum that far more then covers 
the whole cost of the process. 
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The capital cost is very small. An average community 
will have for each 5000 of its population some 260 eft. house 
refuse to dispose of daily, enough to mix with all the night- 
soil collected. This will require a compost factory of 16 pits 
of 500 eft. each — one pit being tilled in two days.* 
Disadvantages of the Hand Removal System:-— 

1. From a tinancial point of view it is not economical, 
as it necessitates the employment of a large number of 
sweepers, carts, bullocks, etc. 

2. Its success depends absolutely on the way in which 
the work is carried out. The sweepers are very difficult to 
manage, and a badly worked system is a source of great 
danger and nuisance. 

3. The wear and tear of night-soil carts, pails, etc., are 
very great. 

4. There are dangers of contamination of air and water, 
and spread of infection through flies. 

5. It is difficult to manage in towns having a large 
population, 

6. Even if suitable soil is available and the trenching 
ground is properly managed, the place still breeds flies and 
becomes a menace to the public health. 

7. The transfer of night-soil from pails to buckets, and 
from buckets to carts creates a great nuisance. 


Disposal of Slop Water 

The conservancy system does not provide for the removal 
of domestic or other waste-water, and to carry this out 
efficiently in towns and villages is a very difficult problem, 
for these are no less impure than the ordinary sewage of 
water-closet towns. A system of drains, therefore, for the 
removal of such water is necessary. The slop water from 
isolated village houses is usually conveyed by pervious 
(kutcha) drains, which are merely shallow open trenches or 
elongated cesspools, to the nearest tank, ditch, garden, or 
open land. These drains are very inefficient and their general 
plan and construction are faulty in the extreme. Their sides 
have no proper slope to prevent the falling in of loose earth, 
their bed has no sufficient inclination to permit the water to 
pass with a velocity sufficient to carry off solid filth and 
prevent their deposition. The consequences that may follow 
such a practice are obvious. They form a suitable breeding 
place for mosquitoes, flies, etc., pollute the neighbouring 
water-supply after saturating the soil by soakage, and 
during the rains form dirty, fermenting and offensive puddles. 


Commercial and Technical Journal, October, 1936. 
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Another common defect of drains in Indian towns or 
villages is the want of any suitable outfall. In most cases 
they terminate in tanks and dohas^ or lead into the open 
land, G.g., the rice lields and marshy places, which remain 
sloppy during the rainy season and for some time after. 
During all this time the village drains remain full of water 
and thus keep up that saturation and humidity of the 
sub-soil and foundations so detrimental to the health of the 
people. 

Weeds and other small plants growing in these drains 
materially impede the free flow of their contents. Arrange- 
ments should, therefore, be made to remove this vegetation 
periodically and to maintain the level of these drains. But 
by far the best method is to have drains either made 
or constructed with some non-absorbent material, such as 
channelled Eanigunge or half-round patent-stone pipes, to 
prevent soakage. Wherever xmssible all drains should be 
V-shaped on section so that a small amount of water will 
suffice to flush them, and very little Avater will accumulate 
in the narrow bottom of the drains. Large drains should 
also be similar in section, but the bottoms may be rounded. 

Sewage can be best disposed of by irrigation, over agri- 
cultural lands or open fields, while the slop water of indivi- 
dual houses may be collected in suitable vessels or pits and 
then removed to some cultivated land for final disposal. 


WATEE-CAEEIAGE SYSTEM 

Waste-water consisting of liquid and solid human excreta, 
together with liquid refuse from cowsheds, stables, houses, 
factories, etc., is known by the term sewage. Waste-water 
from houses, etc., unmixed with solid excreta is usually 
known as sullage. 

In this system the waste-water and excretory j^roducts 
are carried away through a system of sewers from the 
immediate neighbourhood of habitations by a fUish of water. 
Owing to the initial expense incurred in its outlay and also 
for the abundance of water-supply that it demands, the 
water-carriage system cannot be introduced everyAvhere. It 
also necessitates the installation of certain sanitary fittings 
in every house. It appears to be cheaper in the long run, 
and is the cleanest, quickest, and most sanitary method of 
removing night-soil. For these considerations the water- 
carriage system is indispensable in big towns. But for 
successful operation the following conditions are essential, 
vis., (1) an abundant supply of water, (2) good drains and 
sewers with proper ventilation, (8) sufficient fall to give the 
required velocity to the sewage, and (4) proper means for 
utilising the sewage. 
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House Drainage 

A complete system of house drainage consists of: — 

A. Water-closet and Con- 
necting Pipe. 

B. Soil Pipe. 

C. House Drain. 

D. Inspection Chamber. 

E. Traps. 

A. Wat e r-closet.-— A 

water-closet is a sanitary 
installation for the recep- 
tion of human excrement, 
and having connection 
with a sewer by a pipe, 
removes it through the 
agency of water. A good 
water-closet should be 
simple in construction and 
not liable to get out of 
order, it should be inodor- 
ous, the basin should be 
of some non-absorbent and 
indestructible material, 
the excrement shall fall 
without any external 
agency into the proper 
portion of the closet, and 
the flushing should be of 
suflicient force to wash the. 
basin clean and remove 
all traces of excreta with 
a minimum quantity of 
water. 

It may be in a detach- 
ed portion of the house, 
or built against the out- eiq. 47.— Watkr -closets (C) con- 

side wall. At least two nected by Overhead Bridges (B). 
of its sides should be 

open to the outer air. The closet apartment is too often a 
crammed, dark, ill-ventilated room. In fact no ax^artment of a 
house demands more free ventilation than this, yet perhaps 
there is none which receives less. There should be provision 
for cross ventilation. When a closet is required for each 
storey the apartments often form a separate tower connected 
to the main building by over-head bridges. (8ee figure 47). 
But when |)roperly constructed and ventilated and kept clean 
with efficient flushing a closet may form part of the building 
proper and is often attached to the bed room without creat- 
ing any nuisance. 
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A water-closet consists of the following parts : — 

1. The closet proper, consisting of the basin, and a trap. 

2. The flushing apparatus. 

1. Closet Proper.— The following varieties of water- 
closets are commonly used : — 

(u) Valve Closet. (h) Wash-out Closet. 

(c) 8iphonic Closet. {d) Wash-down Closet. 

(c) Trough Closet. 

(rt) The Valve Closet . — It consists of a stoneware basin 


with an opening below having a diameter of about 3 in., 
, , closed by a water-tight 

- h g p movable valve flxed 

j Ir'r r* n hinge. The valve 

i \ wj I M opens out on raising the 

i 0'^) excreta 

l received into a metal 

l)li box, the lower part of 

H? ^ which is connected with 

i a siphon trap leading to 

j III I the soil-pipe. The closet 

! %LL I should be flushed immedi- 

..L — ^JEZ3 ately after, each visit 

^ . with plenty of water (‘J 

to 3 gallons) from a cis- 

lo xr tern, and arrangements 

Fig. 48.— Valve Closkt. / .> ^ , 

made for an after-flush, 

i.e. for a supply of water into the basin after the handle is 
released. In case of excessive after-flush the basin may over- 
flow. To x)revent this an overflow pipe is attached almost at 
the top of the basin and is carried down into the valve-box 


with a siphon bent, which by holding water prevents the 
escape of foul gas. 

The advantage of this variety of water-closet is that it 
is noiseless, and has a large exposed surface of water which 
prevents the feces from falling upon or adhering to the basin. 
Its principal disavantage is that the valve is liable to be 
dislocated by any substance which gets fixed therein, thus 
allowing the water in the basin to escape and foul air to 


enter into closet apartment. 

(b) The Wash-out Closet . — -In this 
a certain amount of water is retain- 
ed in the pan by a ridge. The ex- 
creta will have to be flushed out 
over this ridge, and, therefore, a 
powerful flush is required for this 
purpose. This closet is not without 
defects, for foul matters are often 
left behind and the water flowing 
into the pan is not always enough 
to cover them 


Fig. 49.— Wash-out Closet. 
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(c) The Siphonic Closet, also called Jcnninf/s Century 
Closet, has within recent years come into prominence, 
and though a more ex- 
pensive appliance it is ^ 

cleanly and has many wain 

points in its favour. It P ^(]| 

resembles the wash- i I 

down closet with this ( — rwk 

difference that the as- Hi 

cending arm of the Hushing rjm to basin 

siphon trap is continu- I ![ !/|y * 

ed upwards, so that the || | !l 7 

water in the basin ! j 

stands at a higher level j — U Ifi 

and a larger area is _ - i 

exposed and a deeper I — ij [rP'l \ 

seal is formed. The I ■ 

descending arm termin- I | • 

ates in a second siphon 
before it joins the soil- ji 

pipe. When the closet jlT Siphonage opcn.ng 

is used, siphon action 
is started by the inflow 
of water both through 

the siphon ])ipe and tlie main pipe, the former discharging 
water into the descending arm of the siphon the latter 
into the flushing rim to the basin. The contents of the 
pan are, therefore, subjected to a vis a tergo by the flush 
and a vis a fronte by the temporarily induced siphonage 
in the trap. 

(d) The Wash-down or ^hort Hopper Closet. — This type of 




Flush to trap 


'Anti siphonage opening 


Fio. 50.— Tuk Siphonic Clc 
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closet is extensively used. It consists of a short inverted 
cone, the back of which is almost vertical, so that the ex- 
creta may fall directly on the water in the trap without 
fouling the sides. With a rim flush it can be easily kept 
clean. 

The Fan Closet and the Lonff Hopper Closet are not 
usednow-a-days. They are unhygienic and cannot be kept 
clean. 

In selecting a closet preference should always be given 
to a wash-down or short hopper with a vertical back and a 
rim flush. The valve closet and the siphonic closet are 
expensive, but can be used for high class work. Whatever 
type of closet is used none can remain clean without perio- 
dical scrubbing. 

(e) Trough Closets . — These closets are suited for places 
like jails, hospitals, schools, etc. They consist of a long 



Fro. 52.— Titouon Watek-closet. 

metal, masonry, or earthenware trough placed on an inclined 
plane under the seats of the closets placed side by side, for 
the reception of the excreta. The trough retains a certain 
amount of water by means of a weir at its lower end and 
the excreta are expelled by a volume of water discharged 
either by an automatic flush, or by an attendant, and 
carried through a trap placed at the end of the trough. An 
improvement in the trough closet is made by separate parti- 
tions and separate pans attached to one common discharge 
pipe. The advantages of this type of closet are : (1) One 
apparatus serves for the use of several persons at one and 
the same time ; (2) it is cheaper and hardly ever gets out of 
order ; (3) economy in the amount of water required for 
flushing. But even with the most careful management it is 
almost impossible to maintain such a standard of cleanliness 
as can be secured where separate basins are used. 

In India people use the closet in a squatting posture and 
therefore the seat arrangement is modified by having two foot 
rests on either side of the pan proper (see Fig. 58), the pan 
with the trap being placed on a level with the floor of the 
closet apartment. The floor and the foot rests may be made 
with patent stone or cement. Separate squatting plates 
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made with marble or enamelled vulcan-ware with foot pads 



P"iG. 53.— Watek-closkt Fig. 54.— Water-closet 

f Fas torn typo) (WEstorn typo) 


are now available, and may be used for better class work. 
(Pig. 55). These are impermeable to water. 



(Eastern type) 

In India people use water instead of paper for cleansing 
purposes and this ablution water spoils the seat and the foot 
rests besides creating a nuisance. To obviate this an appli- 
ance known as the Bidet has been introduced for washing 
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the anal region and the perineum. It is provided with 
flushing and circulating rim, open stream outflow and plug 

outlet. It is generally 
connected to the waste 
pipe and not direptly 
to the soil pipe or drain. 

2. The Flushing 
Apparatus. — riie water 
-closet should be flushed 
immediately after use ; 
and provision should, 
therefore, be made for 
the storage and dis- 
charge of water. Water 
is stored in tanks or 
cisterns, which should 
be separate for each 
closet, connected with a 
main tank placed on the 
top of the house. The 
cisterns are usually made of galvanized iron and should be 
placed about 4 ft, or 5 ft. above the basin, and the water 
delivered by pipes of IJ-in. to l^-in. diameter. The pipes 
should have as few bends and angles as possible. The 
water is discharged either automatically, or by pedal 
action, or by a pull of the chain which puts the siphon of the 


Fig 56.— Bidet. 



Fig. 57.— Siphon Flushing Cistern. 


cistern in action The best type of flushing apparatus should 
supply three gallons of water each time ; and should fill itself 
rapidly after being emptied. It should project the water 
suddenly and forcibly and should supply the same quantity 
of water every time it is used. 
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In many modern sanitary jittings the ^‘Siphon Flushing 
Cistern” in the closet apartment is not used but a sort of 
valve arrangement is made in the pipe so that after use of 



Fig. 58.— Flushing Valvk Water-closet. 

the closet the valve can be operated by the use of a handle 
or a push button and the required amount of water can be 
delivered direct from the main tank. This is known as 
Sloan Flush Valve. 

B. Soil Pipes. — These are circular pipes which conduct 
the excreta from the water-closets to the house drain. They 
should be either of cast iron, or drawn or milled lead, and 
laid as straight as possible. Lead pipes are more expedi- 
tiously erected and easier of manipulation. They should be 
exposed right through for ready inspection, and connected 
with the closet immediately beyond the siphon bend or trap, 
and carried directly outside the house-wall, to which they 
should bo fixed by tacks. They should have an internal 
diameter of 4 indies, and be carried clear of windows, 6 to 
8 feet above the roof, for the escape of foul gas. The end 
may either be left open or covered with a wire-gauze dome. 
(See Fig. 68). Whenever possible these pipes should either 
be fixed on the shady side of the house, or protected by 
wooden casing, to prevent the joints being damaged by the 
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tropical sun. To prevent oxidation and rusting, iron 
soil pipes are coated either with magnetic oxide of iron 
(Barff's process), or they may be dipped in Angus Smith 
varnish. (See page 29). 

When several closets on different floors discharge into a 
common soil pipe, the transmission of the contents of the 
upper closets down the soil pipe may cause unsealing of the 
traps of the lower closets by siphon action. The antisiidio- 
nic action is ensured by means of a pipe 2 in. to 2^ in. in 
diameter fixed on the crown of the trap (on the soil pipe 
side) and carried through the walls into the outside air. 
Where a series of such pipes exist, they are generally united 
either to a separate ventilating pipe or are carried up to 
above the highest closet and then connected with the soil 
pipe. 

The soil pipe should open directly into the house drain 
without any intervention of a trap, as it imposes a useless 
barrier to the passage of the sewage and prevents the soil 
pipe acting as a drain ventilator. 

The joints in the case of lead pipes should be “wiped,’’ 
and in the case of iron ones caulked with lead. The connec- 
tion between the soil pipe, bo it of iron or lead, with the 
closet pan, i.e,, between an earthenware and a metal, should 
be absolutely water-tight and is best secured by “Doulton’s 
ceramic joint,” while that of the soil pipe with the drain 
by means of a “ferrule” or a brass or copper tube about a 
foot long soldered to the lower end of the soil pipe, while 
the rim of the ferrule rests in the socket of the drain pipe, 
and the intervening space is filled with cement. 

C. House Drain. — A house drain is an underground pipe 
for carrying away discharges from water-closets (received 
directly through soil pipes) and waste-water from house or 
compound to the sewer. It is usually constructed of some 
impermeable material such as iron pipes, or circular glazed 
stoneware socketed pipes, in lengths of 3 feet. It should be 
laid without any angles or bends, with the socket end of the 
pipe looking towards the house, on a smooth inclined plane 
to facilitate easy transit of its contents, and jointed with 
cement in such a way that there is no projection inwards at 
site of the joint. If a bend is necessary, it should be by 
special curved pipes. A branch drain should join the main 
drain at an acute angle to lessen obstruction to the flow. It 
is not always possible in a large building to lay down drains 
in a uniformly straight line, and in such a case it is desirable 
to have chambers for inspection at every change of direction 
and to continue the drain through the floor of the chamber by 
means of half channelled pipes. The joints should be made 
both air and water-tight. The size of the drain varies accord- 
ing to the amount of sewage to be carried. For ordinary 
houses it should be about 4 inches in diameter with a fall of 
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1 in 40, but in larger buildings, such as hospitals, hotels, etc., 
it should be from 6 in. to 9 in. with a fall of about 1 in 50 and 
a flow of feet per second. For all practical purposes the 
fall should be ten times the diameter of the pipe. 

The smaller the drain the better is the flushing and 
removal of deposit, but in every case it must be large enough 
to prevent blocking. The drain should be laid on a smooth 
bed of concrete, 6 inches deep. When carried under the base- 
ment of the house there should be G inches of cement con- 
crete all round, and whore the collar of the pipe rests, the 
concrete should be hollowed out and the .joints made both 
air and water-tight. 

Requirements of a good house drain : — 

1. A fall that will give good velocity to the current, and 
pipes used should have smooth internal surface. 

2. Well-fltting joints to prevent any escape of sewage 
or gas. 

5. Proper flushing arrangement. 

4. All branches from the main drain should have Y-joints, 
i.e. should form an acute angle and not a right angle. 

5. A good bed of concrete to secure solidity and prevent 


disjointing of pipes from uneven 
settling of house foundation. 

6. (xood ventilation eliected 
by placing a trap outside thehouse. 

Ventilation of House Brain , — 
The house drain should be properly 
ventilated. Therefore arrange- 
ments for the inlet and outlet must 
be madeto ensure a free circulation 
of fresh air from one end to the 
other. The inlet opening is situa- 
ted as near as possible to the trap 
intercepting the house drain and 
the sewer. Owing to the situation 
and construction, the soil pipe is 
made to act as an outlet, the end 
of which is carried above the roof 
and is protected by a wire-gauze 
dome. The inlet for ventilation is 



Fig. 59 .— jMica Valve 
Box OF Fresh Air Inlet 


provided by a 6-in. pipe one end of which opens into the 
inspection chamber opposite the entrance of the drain {see 
Pig. 60) while the other end is carried a few feet above the 
ground and opens into the outside air. To prevent this from 
acting as an outlet the top of the pipe is fitted with a sort 
of a box containing a mica flap {see Pig. 59), which admits 
fresh air from without but closes when there is a reflux of 


foul gas from the drain. 

D. Inspection Chamber.— This is a square masonry 
underground chamber, the floor of which is formed by the 


19 
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level of the draia and rendered perfectly water-tight by 
lining it with cement. It is provided with an air-tight iron 
cover, while the ventilation is carried on by a 6-in. pipe. 

The sewage is conveyed through the chamber by a glazed 
half-channelled pipe which discharges itself into a trap. 

The floor should form an 
angle of 30*^ on either side 
of the channel. The branch 
drains which are also made 
of glazed channelled pipes 
curved to the proper degree, 
empty themselves into the 
main channel. Whenever 
possible all inspection 
chambers should be situated 
in open spaces or yards 
and not actually within the 
Fig. 60.— Inspection Chambek. building. 

Although it is generally held that sewer air is not more 
harmful than drain air. yet a disconnection of the drain of 
the building from the public sewer is necessary. This is 
generally done by having a trap interposed ,betweenthe 
house drain and the sewer, and is known as the intercepting 
trap. {See Figs. 61 and 68). Such a trap, besides having the 
inlet and outlet/bnds has two other openings — one near the 
entrance for acting as an inlet for ventilation and the other 
protected by a lid, just beyond the siphon bend of the trap, 
for acting as the clearing eye. The following points, re- 



Fig. 61.— Intercepting Trap. 


commended by Parkes and Kenwood, should be observed in 
selecting such a trap : (1) Where the drain is a 6-in. or a 9-in. 
pipe, the siphon should be a size smaller than the drain ; 
(2) there should be a fall of 2 inches or more from the level 
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of the discharging end of the house drain to the surface of 
the trapping water; (3) the siphon should provide an 
adequate seal of 2 or 3 inches of water; (4) the inlet to the 
siphon should be nearly vertical whilst the outlet rises at 
an angle of not more than 45*^. 



Fro. 62.— S-TKAP AND P-TRAP WITH WaTER-SEAL. 

E. Traps. — A trap is an arrangement in the drain or 
waste pipe which acts as a barrier to the entrance of sewer 
air into a house effected by what is called a water-seal. A 
good trap will completely disconnect the air of one pipe 
from that of another. A trap in its simplest form is a bent 
pipe which holds up water and prevents air or gas from 
passing through. 

The water-seal of a trap is the distance between the level 
of the water in the trap and the lowest point of its concave 
upper surface when the trap is in proper position (A B and 
A' B' ; Fig. 62). Trap should be venUlated so that it may not 
be easily unlocked and should form a water-seal of from 

to 3 inches. 

A trap should be self-cleansing with every flush of water; 
and have no angles, corners, cracks or projections inside, 
which might impede th.e onward flow of any solid matter. 
It should not be liable to “silt’’; and it should have an open- 
ing for cleansing purposes. A minimum-size trap consistent 
with circumstances should always be selected ; or it may 
become a little cesspool if the size is greater than can be 
cleaned by an ordinary flush of water. The following are 
the usual positions : — 

1. Under each water-closet, bath, urinal, sink, etc. 

2. Near the junction of the house drain with the sewer. 

3. In the open air at the level of the ground to receive 
slop water from baths, lavatories, etc. 

Varieties of Traps.— There are many varieties of traps 
but the following are generally used : — 

The micUfeather trap, the “ Bell ” trap and the flap trap 
are examples of had forms of traps and are not used now. 

1. Siphon Trap. — It is simply a bent tube, the bend 
resembling the letter S placed sideways. The water collects 
at the lower end of S and the water-seal should be at least 

in. deep. It is the best form of trap and maintains a 
siphonic action as it always keeps a constant level of water. 
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It is usually provided with an opening placed beyond the 
water-seal intended for an anti-siphonage pipe. Siphon 
traps are also named P-trap and S-trap, according as the 
direction of outlet is outwards or downwards. (See Fig. 62). 

2. Gully Trap . — This is placed in courtyards, especially 
where rain water and waste water pipes open. It should be 
placed at a distance of about a foot and a half from any 
wall, and the surface opening should be as small as possible 
and protected by a grating to prevent evaporation. As it is 
possible that mud, other debris and solid particles may be 
swept into the gully with the inflowing surface water, this 
trap is so made that these settle at the bottom which may 
be removed periodically. 

Under certain circumstances a trap may fail to perform 

its functions, (1) From eva- 
poration of the water-seal ; 
(2) from deposit of solids or 
silt ; and (3) siphon action. 

1. Evaporation of the 
water-seal is due to disuse of 
the trap, thus giving time for 
evaporation of .the water. 
This generally happens when 
the house is left unoccupied 
for sometime. 

2. Traps also become use- 
less from being blocked with 
deposit of solid matter due to 
imperfect setting, or inefti- 



Fig. 63 .— Gully Tfiap. 


cient flushing, or to insufli- 
cient fall in the house drain. 


3. Siphon action . — This generally happens when the 
traps of the soil-pipe and closets are unventilated. To under- 
stand this examine Figure 64 which represents three closets 
at different levels and where the traps are not ventilated. 
Imagine that each trap of each closet is full of water and the 
soil pipe and the branch pipes are empty. The effect that 
follows the use of the upper closet after flushing is shown in 
the figure. The descending column of water rushes into the 
pipe and leaves behind it a partial vacuum. The outer air, 
therefore, reaches the soil pipe through the way of least 
resistance, generally through the closets below (2 and 3). 
The traps of the lower closets are thus siphoned and left 
empty. If the trap be pierced at the top the air presure 
will be established at both ends of the leg. It is thus that 
a ventilating opening to closet trap breaks the flow and 
throws enough water back into the body of the trap to 
preserve the water-seal. 
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Tub Testing of Dkains, Soil Pipes, etc. 

Testing of drains and their branches is always necessary,, 
and is employed not only for new sanitary installations and 
during the progress of the work to find out if 
they have been properly constructed, but 
also in cases of old drains to ascertain 
whether they are still in good order. The 
following tests are commonly used : — 

1. Hydrostatic or Water Test . — This is 
especially used in new drainage work. To 
carry it out plug the lower end of the waste 
and soil pipe and each branch fitting with 
suitable water-yght covers and fill the newer 
system with water. If the level of the water 
falls or if the drains do not fill at all, it indi- 
cates a defect at some point and the joints 
should be carefully examined. It is, however, 
a very severe and unequal test when applied 
to a long length of perpendicular pipes. For 
instance when the soil pipe is filled with 
water the pressure is greatest at the lowest 
point of the pipe which may in consequence 
burst. But this test can be used for testing 
drains, and when used for large installations 
it should be taken up in sections. 

2. The Smoke Test . — It is a handy and 

fairly reliable test and consists in filling the 
whole sanitary system with smoke so that it 
may find its way through any leaky joint or 
defective trap, and thus demonstrate the 64.— Throe 

exact position of the faultrs. In applying this ront^^^wels^^ ex- 
test the tops of the waste pipe and soil pipe plaining siphon- 
must bo properly closed and the smoke ing of traps, 
applied through the air inlet of the inter- 
cepting trap at the junction of the house drain and the 



Fig. 65 — Smoke Testing Machine. 


sewer. For this purpose special smoke testing machines 
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are available. They consist of a double-action bellows or 
motor by which the smoke is forced, a cylinder or receptacle 
in which smoke is generated by burning oily cotton waste, 
and a pipe connecting these and carried into the drain. 
Smoke rockets are sometimes used for the same purpose 
but the results are not so good as when introduced by the 
special machine. This test is quite practical and useful and 
may be applied either in vertical soil pipes, drain ventilating 
pipes, or inspection chambers. 

3. Chemical Test . — This test is applied by pouring two 
or three buckets of hot water with a fluid drachm of some 
volatile oil down the highest water-closet, or down the pipe 
from the highest available point. If on examination a 
peculiar smell is perceived the leakage will be discovered. 
This test is useless. 

4. Pneumatic Test . — It con- 
sists in driving air under x>res- 
siire into the drain and soil pipe 
by a pump, to which is attached 
a pressure-gauge, after all the 
openings have been securely 
I^lugged. The presence of any 
leakage is evidenced by lower- 
ing of the pressure in the gauge, 
and the point of leakage by a 
hissing sound. 

Baths, Sinks and Urinals 

Sanitary baths and sinks are 
now fitted in all modern houses. 
These should be located in pro- 
perly ventilated and well-lighted 
rooms. The waste-water should 
be carried through lead pipes, 
which are easily bent and non- 
corrosive, and jointed to the 
outlet of the sink or bath. Both 
these discharge waste-water, 
and the pipes carrying the water 
in time becomes foul with grease 
and organic matter giving oft‘ 
an offensive smell when decom- 
posed. It is therefore necessary 
that the outlet pipes should be 
properly trapped and carried 
direct into a gully traji or con- 
1 Kj. <)().— i jjiNAL WITH nected with the soil pipe. To 

X)revent siphonage of the water 
from the traps arrangements should be made for ventilation 
and anti-siphonage. 
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Urinals for private houses should be located in the bath 
rooms, but it is always desirable to avoid fixing urinals 
within the house as they create considerable nuisance unless 
properly flushed with plenty of water. They should be simple 
in construction and provided with an automatic flushing 
arrangement. All parts of the appliance with which urine 
comes in contact should be exposed to the flush to avoid 
fungus growth. Urinals for public use should always be 
provided. They are of great use in schools, clubs, factories, 
etc. They should be made with some non-corrosive material, 
and no metal apparatus should be used as they are liable 
to corrosion. Various firms have designed many excellent 
contrivances for minimising the nuisance. The Urinal Range 
{see Fig. 44) is designed by Messrs. Doulton & Co. A good 
type urinal should have a trap just below the pan {see Fig. 
60) and the pipe should be carried outside into the open air 
and should open either into the soil pipe or taken separately 
into the drain. On no account should it open over a gully 
inside the room. 


SEWERS 

A sewer is an underground structure in the form of a 
pipe or brick channel for the removal of waste-water, rain 



water and sewage by gravitation. This system of sewage 
removal is known as the “combined system.’’ Two sets of 
channels are sometimesprovided— one for carrying the rain 
and waste-water, and the other — smaller one — for sewage 
alone. This method is called the “separate” system. Those 
carrying the waste- water take the shortest route to the near- 
est water course or river, where they empty themselves, the 
other set conveys the sewage for final disposal by one of the 
methods to be presently described. 

The advantages claimed for the separate system are 

1. The sewers required are of smaller dimensions and 
so easily flushed, consequently there is less deposit. 

2. The sewage is uniform in quality and smaller in 
quantity. 
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3. Purilication and utilization are effected with less 
difficulty. 



Fig. 67. — A Complete System'of House* Diaiiiage. A and E are 
two closets which open into the soil pipe B ; C, anti-siphonage pipe ^ 
D, flushing cistern opening into the closet K ; F, house drain laid on 
a bed of concrete ; H, rain water pipe ; G, wash basin ; I, bath tub. 
These empty into the gully trap J. K, intercepting trap placed in the 
manhole chamber intercepting the house drain from the sower. 
inlet opening for ventilation. The soil pipe and the ventilating pipes 
are carried above the roof and are protected by wire gauze, they act 
as outlets. 
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4. In a known population estimation of the total bulk 
of sewage can be done from the allotment of water per head. 

5 Cheaper than the combined system. 

The disadvantages rn,Ye : — 

1. Two sets of pipes are required for every house and 
so a wrong connection may be established by mistake. 

2. The rain and storm water may wash away much that 
would contaminate a stream. 

3. The flushing effect of storm water on the sewage is lost. 

These objections are, however, not of much consequence,. 

and the adoption of either plan depends upon the local 
circumstances. 

Sewers up to 18 inches in diameter are circular, and 
made of either reinforced concrete or glazed stoneware 
pipes joined together with cement. When of larger dimen- 
sions they should be of brickwork and cement. Iron pipes 
should be coated with Angus Smith solution to prevent 
corrosion. The best sewer in case where the volume of 
sewage undergoes great fluctuation is ovoid or egg-shaped 
Avith the smaller end downwards. This gives a greater 
depth of sewage and less contact with the inside walls; 
consequently there is less friction. Besides, it is much 
stronger and offers greater resistance to outside pressure. 

Earthenware pipes must be laid on a bed of concrete and 
the joints should be thoroughly cemented, and the inside 
made absolutely smooth. No public sewer should have a 
diameter of less than 9 inches as then it will carry any 
article which can come lengthwise around the traps and 
bends in 4 inches soil pipes and house connection. 

Sewers should be self-cleansing, and constructed with a 
sufficient gradient. Tha size should be proportionate to the 
volume of sewage they have to convey. To prevent deposi- 
tion in pipes of 1 2 to 25 inches in diameter the velocity 
should be 2^ feet per second, and in seAvers of larger dimen- 
sions 2 feet per second. A less gradient is necessary for 
larger sewers to i)roduce the same velocity as in smaller 
ones. The fall should be equable, and all sudden changes 
in the level should be avoided ; a sewer of 10 feet in dia- 
meter should have a fall of 2 feet per mile. To calculate 
the velocity of the flow through sewers the following for- 
mula is used:— 

V==55i/j>j-yK 

V==velocity of flow in feet x^er minute ; 

D=hydraulic mean dei>th ; 

F=fall in feet per mile. 

If A=the seetional area of current of fluid, VXA = 
discharge in cubic feet per minute. The hydraulic mean 
depth is the sectional area of the current of fluid divided by 
the wetted perimeter, i.e. the portion of the circumference 
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of the sewer in contact with the flowing fluid; in circular 
sewers running full or half full, it is one-fourth the diameter. 

All sewers must be laid with as few bends as possible and 
the junctions made at acute angles to allow the sewage to 
enter the direction of the flow. The junctions from house 
drains should be so made as to allow the discharge from 
the house drains to be in the direction of the main current. 
Carves, if there be any, should be gradual, the radius of 
the curve being not less than ten times the cross-sectional 
diameter of the sewer ; thus if a sewer be 5 feet in diameter 
the curve should never be less than 50 feet. 

Inspection, Cleansing and Ventilation of Sewers 

In the sewerage system it is necessary to provide ade- 
quate means for periodical examination, cleansing and 
removal of deposit. To meet these ends manholes should 
be provided for. These are shafts sunk from the surface of 
the ground through which a man can descend into the sewer. 
Branch sewers are made to join the main sewer in these 
manhole chambers. 

Near the upper ends of sewers the flow of sewage is very 
small, liable not to be able to carry solid filth, thus forming 
deposits. Similarly in low lying level districts on account 

of the lack of falls it 
may be necessary to lay 
the sewers with very 
small gradient, and the 
velocity, therefore, is 
insufficient to prevent 
deposits. Hence it is 
desirable to make spe- 
cial provisions for regu- 
lar flushing to make 
them self-cleansing by 
the use of automatic 
Flush Tanks.’’ A flush 
tank is a masonry cistern 
built in the street above 
the grade of the sewer, 
filled by a constantly 
running stream of water, 
and emptied by automatic devices into the sewer. They 
have a capacity of 150 to 500 gallons, but more the water 
used the better is the flush. 

Flush tanks may be combined with a manhole. (See Fig. 
fi9). This has the advantage of allowing inspection both 
of the sewer and of the tank, and is cheaper. 

Sometimes flushing is done by temporarily damming the 
sewage and then suddenly releasing it when a sufficient head 
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DISPOSAL OF HUMAN EXCEETA 


299 


is formed. This is done by flushing gates. A hose pipe run 
into a manhole from a hydrant may often be used with 
advantage. 

The methods most commonly employed during dry wea- 
ther are either a sudden discharge of a large volume of 
water through the manholes, or discharging water from 
large automatic flushing cisterns placed near the head of 
the sewers. The method employed in Calcutta is to allow 
the tidal water of the river Hughly to flow into the sewers 
through flushing gates which are opened when the water 
rises to a certain height. The value of rain water in flush- 
ing the sewers should be kept in mind. 

Ventilation of Sewers. — In every sewer where the sewage 
is well diluted, the flow rapid and the flushing efficient, 
deposition of sediment does not occur, and the air does not 
become very foul. But owing to the constant variations of 
the flow of sewage some deposit forms on the sides, which 
not only undergoes putrefaction but gives oft* putrefactive 
ferments to the sewage flowing by. The tendency to such 
deposits is less in pipe sewers than in brick ones. The 
gases evolved by decomposing sewage are combustible, and 
one should, therefore, be careful in carrying an unprotected 
light into a newly opened manhole, old drain or cesspool. 
Although, as has been pointed out elsewhere (see page 82), 
there is very little danger from the air in a well-laid self 
cleansing sewer, that in a stagnant, ill-ventilated sewer may 
be harmful to people who may have occasion to enter it. The 
gases evolved from decomposing sewage are combustible 
and may contain sulphuretted hydrogen gas or other poison- 
ous gases to be fatal. 

Ventilation of sewers is necessary to dilute these gases, 
to prevent air compression in times of stoim, and to pre- 
serve the purity of such air. But efficient ventilation of 
sewers always presents difficulties. A convenient form is 
through house drains, but since every house diain is])rovided 
with an intercepting trap at the junction of the sewer it is 
not possible to utilise this method. Occasionally hollow 
gas-lamp posts are utilised as ventilating shafts, the gas 
flame tends to set up an up-current and destroy the effiuvia. 

Another method is to flx long iron shafts at suitable dis- 
tances along the length of the sewers. These are carried 
sufficiently high into the air well above the top of the neigh- 
bouring houses for the exit of sewage air or gas into the 
atmosphere. Street gullies must be efficiently trapped to 
prevent mud and sand from entering the sewer and the 
sewer air from escaping out of it. 

Formerly sewers were ventilated by perforated manhole 
eovers having a tray or dirt-box below to catch dirt, stones, 
otc., with the idea that the air which escaped through these 
would be rapidly diluted by fresh air and so rendered 
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inoffensive. But these created nuisance and these grated 
covers have been replaced by solid ones. 

Disadvantages of Servers, — 1. Sewers being closed conduits 
may cause effluvia to enter into houses ; but if they are pro- 
perly constructed, flushed, trapped and ventilated this naay 
be prevented. 

2. Any leakage, etc., may contaminate the nearest 
water-supply, specially when there is an intermittent supply,, 
due to suction from negative pressure, when the pipes are 
empty. A sewer may leak for various reasons : — from 
cracked joints of pipes, sinking of foundations, imperfect 
joining or laying, and by the penetration of roots through 
faulty joints and cracks. 

Outfall Sewers. — In every case an outfall sewer must 
be large and free so that no obstruction to the discharge of 
sewage may occur. Where the sewage is discharged into 
the sea the outfall must be below the level of the water, 
independent of the tides, and the opening guarded by a 
valve to prevent the entrance of water. Where sewage 
is tide-locked for several hours it should be conducted into 
especially constructed tanks or reservoirs and then dis- 
charged into the river or sea at suitable states c^f the tide. 
Sometimes sewage may have to be carried across a river or 
a valley by bridging, but this is not always practicable 
when the outfall sewer lies on a lower level. Under such 
circumstances it should be carried across by the help of an 
inverted siphon laid in the valley or in the bed of the river. 
Should the velocity of the current be not sufficient, accu- 
mulation and consequent blocking of the siphon with solid 
matter might take place; therefore steps should be taken 
for straining the sewage and occasionally flushing the 
siphon. 

Pneumatic System of Sewage Removal. — In the case 
of low-lying areas, where removal of the sewage by a gra- 
vitation scheme cannot be efficiently carried out for want 
of a proper gradient, recourse has to be had either to some 
system of periodical pumping to raise the sewage to a 
higher level or to one of the following systems : — 

1. The Shone System.— In this system the transmission of 
the sewage is effected by means of compressed air. This is 
conveyed from a central station to ejectors or cylindrical 
reservoirs placed for the reception of sewage under the 
ground at different parts of the town. The ejectors are 
made of varying sizes, from fifty gallons capacity upwards. 
When the reservoirs become full a valve opens and admits 
compressed air by means of a float acting on a counter- 
poised lever. This propels the sewage forcibly either into 
a sewer at a higher level or directly into the outfall. The 
regurgitation of the sewage is prevented by a ball valve 
in the pipe sewer and as the ejectors empty themselves 
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the sinking of the float shuti 
pressed air tube and allows 



Fig. 70. -Tiik Shone Ejector. 
water ; and the other lai 


up the valve of the com- 
a fresh quantity of air to 
enter. On a flat surface where 
a suitable fall cannot be 
secured this system gives a 
proper gradient to the sewers 
and acts admirably. 

This system has been 
adopted in Bombay and 
Karachi. But in India owing 
to the heavy rainfall consi- 
derable difficulty is experi- 
enced in coping with the 
increased bulk of sewage in 
the sewers. Under these 
conditions the ejectors are 
practically powerless. 

2. Liemur^s Pneumatic 
System,— In this system 
there are two sets of pipes ; 
the one smaller in diameter 
for the removal of waste 
r (5 in.) diameter for the 


removal of sewage proper. 

The propulsion of sewage is effected by means of a power- 
ful air pump from a central station, where the sewage is 
Anally sucked into a steam concentrator and then heated to 


about 100®C. after the ammonia has been Axed by the addi- 
tion of sulphuric acid. The dried sludge is used as a 
“poudrette.’' This system is complicated and causes 
clogging of the ])ipes with fjecal matter. But in low lying 
places, where suitable gradients for sewer are difficult to 
secure and where the water supply is limited, this system 
works well. 



CHAPTER XIII 
DISPOSAL OF SEWAGE 

The primary object in the disposal of sewage consists in 
changing the different organic matters from the unstable 
form in which they exist to stable chemical compounds. 
This result is obtained by the action of micro-organisms. 
The average sewage consists mainly of water with variable 
quantity of solids and liquids representing the waste pro- 
ducts of the community. The character, however, is very 
variable depending upon the amount of water consumption ^ 
admission of rain water, the character of the effluent from 
diff*erent industries, etc. 

The final or ultimate disposal of sewage in either the 
dry or wet system is a matter of the utmost concern to the 
sanitarian ; for upon the efficiency with which sewage is 
disposed of depends largely the general health of the people. 
Possibilities of its acting as a source of danger to the public 
in Western countries are rather remote, inasmuch as almost 
every town or village has a separate filtered water-supply. 
But in India things are diff'erent. In villages the water- 
supply is almost always scanty, and the people generally 
have recourse to any available source of water, and conse- 
quently the pollution of a tank, river, or stream is a matter 
of great consequence affecting, as it does, the health of the 
community. 

Composition of Sewage. — Fresh town sewage has the 
appearance of dirty water with solid lumps floating on it. 
These lumps rise and fall as the gases of putrefaction are 
given off*. Calcutta sewage contains about 95.6 parts of 
suspended matter per 100,000 during the months of May 
and June, and 85.9 parts per 100,000 between August and 
October. The important constituents of sewage are the 
organic matters consisting of proteins and their products 
of decomposition, carbohydrates, urea, fats and soap. Un- 
less the sewage is very fresh urea is rarely found as such 
as it is readily converted into ammonium carbonate. Pro- 
teins contain carbon, oxygen, hydrogen and nitrogen, and 
some contain sulphur, phosphorus and iron in addition. 
Some are soluble in water, while others remain undissolved 
and in suspension. The carbohydrates include sugar, starch 
and fibres of wood. Some of the sugar may be converted 
into alcohol by fermentation. The chief source of chlorine 
in domestic sewage is urine. Sometimes it is derived from 
salt present in the water. The sewage of Calcutta at times 
contains as much as 70 parts of chlorine per 100,000 of 
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which 60 parts have been derived from the river Hughli. 
A certain amount of colloidal matter is also found in sewage. 
Its presence is of some significance as it precipitates rapidly 
on the surface of the filtering material and causes clogging. 
The same action also takes place when sewage is used for 
irrigation and is the cause of sewage sickness. 

Before discussing the different processes employed in the 
purification of sewage it is necessary to understand the 
changes that take place before it becomes stable and harm- 
less. Nature, in course of time, will purify any sewage, but 
the unaided natural process causes nuisance and offence 
because the putrefactive changes result in escape of offen- 
sive gases, and the sewage proteins require oxygen for their 
metabolism, which, if taken up from water, may destroy 
fish life. Therefore such measures should be taken which 
will assist nature in transforming the complex sewage into 
simple elements and at the same time make it harmless. 
The natural process of breaking down the various organic 
matter of sewage takes place at different stages, and is 
chiefly carried out by the bacteria present in it. Proteins are 
first broken down into peptones and albumoses, and subse- 
quently into amino-acids, and then into ammonia, phenols, 
aromatic and fatty acids. All these substances contain 
nitrogen in the form of NH2 and require oxygen. Part of 
the nitrogen remains combined with hydrogen and carbon, 
part is liberated as nitrogen and the rest is converted into 
nitrous acid. The final products of decomposition of amino- 
acids are oxidised forming water, CO2, nitrites and nitrates. 
Some sulphuretted hydrogen gas is also formed. The carbo- 
hydrates are decomposed into CO2, hydrogen, butyric and 
lactic acids, and sometimes alcohol. Fats are broken down 
more slowly than proteins, since they must first be emulsified 
before being acted upon by the bacteria. They are even- 
tually hydrolyzed into CO2, hydrogen, and methane. 

The chief methods of disposal of sewage are mainly (a) 
Dihition, and (h) Ptiriflcaf ion. 

A. Sewage Disposal by Dilution.— This is the readiest 
method of sewage disposal, and provided the dilution is 
sufficient it is the proper method. But there must be a 
volume of water sufficient to permit of aerobic bacterial 
action which will effect a complete break-down of the organic 
matter and at the same time will not destroy fish life, i.e. 
the oxygen content in the stream should not be materially 
reduced. The current must be sufficient to prevent silting 
up of the stream, and there should not be any possibility of 
depositing floating materials on the shore. This method of 
disposal has until recently been adopted by almost all sea- 
coast towns and by towns situated on the tidal waters of 
estuaries. But in recent years pollution of bathing beaches, 
especially in America, has resulted from adoption of this 
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method. This evil has been counteracted either by the 
partial puritication of the sewage to the extent of removing 
solid matter by means of screens or sedimentation tanks, or 
by chlorination before discharge. 

In England the method of discharging sewage into rivers 
was formerly practised, but the conditions became so bad 
with the small stream and large tributary population that a 
law was passed prohibiting the pollution of rivers, and 
several Commissions were appointed by the (xovernment to 
study the problem. In fact the Commission declared that 
the proper method of purihcation of sewage was by distribu- 
ting on the land, and distribution of sewage by Broad Irriga- 
Hon, was carried out extensively in England. Until recently 
Chicago was able to discharge its sewage into the Illinois 
Eiver by dilution Avith water drawn from the Great Lakes, 
but the growth of the city and restriction i)laced on the 
withdrawal of water from the Great Lakes have made it im- 
perative to carry out large purification works for dealing 
with sewage. The sewage of part of London and Glasgow is 
first partly treated by the activated sludge method before 
discharging into the estuaries of the Thames and the Clyde. 
But the sewage of London is purified to a high degree before 
it is discharged into the river. 

Untreated sewage should not be discharged into any river 
in India where the dangers are even greater than in any of 
the Western countries. Under certain conditions the sewage 
may be discharged without a preliminary purifying treat- 
ment into the sea provided it is discharged well below 
the ebb-tide flow, so that it may at once be carried away 
from the shore and diluted by a very large volume of 
water. It should, however, be noted that self purification 
of polluted water takes place much more rapidly in the 
tropics than in the Western countries. As regards the 
bacteriological quality of the effluent required when it is 
discharged into a river, it is not possible to lay doAvn any 
standard of any kind. But it is desirable to remove suspend- 
ed solids by sedimentation or septic tank action. At Dacca 
(East Bengal) three methods of disposal are made use of : — 
(a) Discharge into a khal (canal) during the months of August 
and part of September when large volumes of flood water 
are being discharged by this canal into the flooded country 
to the north and east. Since there are no houses below the 
outfall, after a short distance the water spreads over a 
large area causing no nuisance and the effluent entirely dis- 
appears. (b) Irrigation on cultivated land. This is done 
during the dry season and about 63 acres of land deals with 
8,00,000 gallons per diem of dry weather flow. The majority 
of the sewage disappears by absorption and evaporation, 
though certain amount percolates down into the tanks, (c) 
Discharge into tanks (large shallow basins, generally 
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artificially excavated in the ground). The septic tank effluent 
is discharged into these tanks when it cannot be run either 
on to the land or into the khal. In the case of a flowing river 
the dilution required is less than in the case of stagnant 
water. That a river is capable of disposing of quite a large 
quantity of sewage is seen in the case of the Bidyadhari 
river where the Calcutta sewage is discharged in a crude 
state without creating any nuisance. But there is always 
the danger of the river silting up after several years^ use 
as has now happened to the Bidyadhari river. 

B. Sewage Disposal by Purification.— The different 
methods of sewage purification may be described as 
follows : — 

1. Intermittent Downward Filtration. —By this method 
sewage is purified by the action of the soil which acts as a 
mechanical filter, and for this purpose a porous soil should 
always be selected. In the words of the Koyal Commission 
on Metropolitan Sewage Discharge, filtration means ‘^the 
concentration of sewage at short intervals, on an area of 
especially chosen porous ground, as small as will absorb 
and cleanse it ; not excluding vegetation, but making the 
produce of secondary importance. The intermittency of 
application is a sine qua non even in suitably constituted 
soils wherever complete success is aimed at.’’ But for this 
purpose the same soil should be used on the intermittent 
principle, i.e. should have alternate work and rest. The 
purification is chiefly effected by soil bacteria or the nitrify- 
ing organisms which exist in large numbers in the superficial 
layers of all soils, specially in lands rich in organic matter. 
These organisms require air and oxygen for their develop- 
ment and by feeding on the organic substances of the sewage 
cause their oxidation. For successful filtration suitable land 
must be prepared after the fashion of large filter beds, viz , — 

1. The bottom of the bed should be efficiently drained 
by means of porous drains laid 0 feet below and 10 feet 
apart ; over this are placed large broken stones or gravel, 
and on top the natural porous soil. 

2. The surface of the land must be properly sloped to 
allow the sewage to spread over the whole area. 

3. The sewage should be distributed by surface channels, 
and the land divided into blocks, each one being irrigated 
for six hours and allowed to rest and aerate for eighteen 
hours. By this means the soil is prevented from becoming 
clogged and re-aeration is established. 

The land may conveniently be laid out in ridges and 
furrows, and cultivation may be carried on the ridges while 
sewage is permitted to flow down the furrows. The effluent 
which comes out of the sub-soil drain is pure, and does not 
putrefy, and can be discharged into any river or stream. 
This method is simple and efflcient where plenty of suitable 
20 
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soil is available. One acre (about three bighas) of filter bed, 
if especially prepared, will dispose of the sewage of about 
3000 persons. 

2. Broad Irrigation or Sewage Farming.— This is 
adopted where suitable land is available in the neighbour- 
hood of a town and is the oldest type of scientific purification 
of sewage. In the interpretation of the Eoyal Commission 
on Metropolitan Sewage Discharge, broad irrigation means 
“the distribution of sevvage over a large surface of ordinary 
agricultural ground, having in view the maximum growth of 
vegetation (consistently with due purification) for the 
amount of sewage supplied.’’ The soil should be reasonably 
porous, and the land selected should be so situated as will 
allow the sewage to flow by gravitation. It may, however, 
be necessary to underdrain the land if the soil be not very 
porous to carry away the excess of effluent to the nearest 
water-course. The sewage must be discharged on to the 
land in a fresh condition and the coarse portions removed by 
precipitation or sedimentation. Irrigation of sewage should 
not be continuous, but must be intermittent, so that aeration 
of the soil can take place during the period of intermission. 
The land is laid out on the ridge and furrow system and the 
sewage flows down the centre of the ridge towards the 
furrow. Ordinarily one acre of land is required for about 
100 persons in temperate climates, but if there be a prelimi- 
nary precipitation, and particularly in India where eva- 
poration is greater, a smaller area would suflice. It has 
been observed that during the rains it is rather difllciilt to 
take care of the sewage and prevent water-logging. 

This method can be profitably carried out in India where 
land is fairly cheap, and even in the neighbourhood of houses 
without any danger to health. This metliod has been exten- 
sively adopted for the disT)Osal of sewage in India. Broad 
irrigation with subsequent farming is practised in many towns 
in the Punjab and United Provinces with very little preli- 
minary treatment and with some success. But it is desi- 
rable to locate the farms at a fair distance from towns or 
places of human habitation. By this process about 90 p.c. of 
the total suspended matter and bacteria can be removed from 
sewage. The effluent, however, is putrescible as there has 
been no change in the remaining organic matter. Immense 
crops of coarse grass, sugarcane, plantains, and other 
vegetables may be cultivated with profit. Badly managed 
farms, where more sewage is thrown than the land can 
purify, or where the sewage is discharged without any 
intermission, may cause the ground to become sodden, and 
by retarding purification create a nuisance. 

3. Chemical Treatment of Sewage.— This is effected by 
the addition of certain chemical agents which act as preci- 
pitants and carry down suspended matters with some dissol- 
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ved organic impurities of the sewage. The clear supernatant 
fluid called the effluent may be further treated or discharged 
into any water-course or on to any held. The sludge or the 
precipitate is then pressed into cakes and sold as manure. 
The chemicals commonly used for the purpose are : — 

1. Lime. — It combines with the carbonic acid of the 
sewage forming an insoluble carbonate of calcium and also 
with some of the organic bases of the sewage ; the preci- 
pitate falls to the bottom forming sludge. But if lime 
is added in excess, both the sludge and the effluent become 
alkaline and decompose rapidly. Usually twelve grains of 
<[uicklime are required for every gallon of sewage, but the 
quantity employed varies with the nature of the sewage. 
This method, though simple and cheap, is ineffective. 

2. Sulphate of Aluminium. — This causes a flocculent 
precipitate which entangles and carries down most of the 
suspended organic matters. Lime may also be combined 
with alum in the proportion of live grains of each to every 
gallon of sewage. 

3. Sulphate of Iron or ^'Copperas.'^ — This when added to 
alkaline sewage, or to sewage previously treated with lime, 
forms a copious precipitate of hydrated ])rotoxide of iron 
which carries down suspended organic matters. Two to live 
grains of this salt are added to each gallon of sewage. 

Iflie disadvantages of the chemical treatment of sewage 
are numerous, and it has hardly ever been practised in 
India, and in places where it has been in use it is rapidly 
being gived up. The sludge which falls to the bottom of 
the settling tank is very bulky, and the difficulties and 
expenditure attending its safe removal and disposal are 
great. Moreover, the sludge, containing organic and mineral 
matters and about 90 per cent, of water, has very little 
manuring value ; and the effluent is not free from pathogenic 
organisms. In fact the microbes are not removed but the 
sewage is simply clarified. 

4. Biological Treatment. — This process, instead of pre- 
cipitating suspended matters, reduces the complex organic 
matters present in the excreta into simpler substances by 
the action of bacteria and other micro-organisms. In fact 
the disposal of night-soil by trenching, sewage farming, and 
intermittent downward filtration are really biological 
methods inasmuch as the ultimate results are obtained 
through the micro-organisms present in the soil. Within 
recent years, however, the biological disposal of sewage has 
been more thoroughly studied with considerable success, 
and different methods have been introduced for this purpose. 
Their main action depends upon the two kinds of microbes 
present in the sewage, viz. aerobic and anaerobic. The 
anaerobic organisms are chiefly concerned in reducing the 
various organic subtancesof the sewage into simple chemical 
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products, by breaking down, digesting and liquefying them. 
The albuminoid materials, cellulose and fats are split up 
into soluble nitrogenous substances, fatty acids, ammonia, 
gases and derivatives of phenol. This action is encouraged 
by subjecting the sewage to anaerobic fermentation in the 
Septic Tanks, After the sewage has been thus prepared for 
the oxidation of the organic matter remaining partly in 
true suspension, partly in colloidal solution and partly in 



true solution, it is passed into percolating filters ox contact 
beds for the aerobic organisms to convert the ammoniacal 
substances into nitrites and nitrates. The installation of 
contact beds in which the sewage is held up for a certain 
period in contact with some solid media coated with^acterial 
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growth has been given up, and the oxidation of the organic 
matter is now effected either in percolating filters^ or by 
means of the activated sludge method, where the sewage is 
purified by oxygen provided by driving compressed air in 
tanks in a manner which ensures intimate contact with the 
crude seAvage after fine screening only. 

Septic Tanks. — Many varieties of biological installa- 
tions, such as those of Scott-Moncrieff, Stoddart, Cameron 
and others, are in existence. This installation was first 
devised by Cameron of Exeter under the name of the Septic 
Tank System. But the first systematic study of the biological 
process of the treatment of sewage in the tropics was under- 
taken by Fowler and Clemesha in lOOG, and an ingenious 
arrangement known as the Septic Tank Latrine, which 
consists of a latrine built actually on the roof of a septic 
tank, has been introduced. These latrine arrangements are 
particularly useful for mills, jails, schools, etc. 

In this system the combined process depending upon the 
two groups of orga- 
nisms, viz., anaerobic 
liquefaction and aerobic 
nitrification is utilised 
for the purification of 
the sewage. There is 
therefore a marked line 
of demarcation. The 
anaerobic liquefaction 
takes place in the septic 
tank proper, while the 
aerobic nitrification 
occurs in the contact 
beds or sprinkling fil- 
ters. The sewage, flush- 
ed by sufficient water, 
is first led through one 
end into a rectangular 
tank or hollow chamber 
from which light and air 
are excluded, and the 
effluent is let out 
through a discharge 
pipe at the other end 
at a point half-way 
between the scum and 
the sludge. The tank 
should be thin and about 
five or six times as long 
as it is broad and must be large enough to retain the flow 
of sewage from 8 to 24 hours. One measuring 60 ft. by 12 ft. 
by 6 ft. will meet the requirements of about 2000 users per 



Fig, 72 .— Sectic ! \ k 1 . \ i ihne 
(Cross S(H iioii) 
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diem with live gallons flush per user. But a tank capacity 
of twelve to fifteen gallons per user per day gives the best 
results. In order to prevent pieces of stones, bricks, or 
hard lumi)S of heces from entering the tank ])roper and 
thereby interfering with its true septic action, arrangements 
should be made to separate these by a partition. This will 
cut off a portion of the tank into a small compartment 
known as the grit or detritus chamber, the capacity of which 
should be about one-eighth of the tank. The connection 
between this chamber and the septic tank proper, which is 
also known as the digestion chamber, should be at the bot- 
tom, through an opening about 12 in. to 18 in., as it has been 
found that about 95 per cent, of all ffccal masses float in 
water, and, therefore, cannot enter the tank. The floor of 
the chamber should have a slope towards the tank with a 
depression in its centre for bricks and other heavy substan- 
ces to lodge. Ventilation of the tank and the grit ebamber 
should be efficient and carried on through ventilating shafts, 
and provision made for inspection and cleansing by means 
of manholes. When the sewage enters the tank a scum 
from 2 to 6 inches thick forms on the surface. 

Under the scum the anaerobic bacteria are ^actively at 
work breaking down the solid masses into a state of line 
suspension. In the main chamber the process of breaking 
down the complicated protein molecules into «amines, 
amino acids, etc., goes on with evolution of gases, mainly 
methane, carbon monoxide, carbon dioxide, and sulphuretted 
hydrogen. Colloids in suspension become crystalloids in 
solution and as such are in a ready condition to take ux> 
oxygen. The effluent, which is turbid but translucent, 
with a sickly but otherwise inoffensive smell is drawn off* 
without disturbing the scum, and as it still holds nitrogen 
as NH 2 it needs oxygen, and therefore cannot be turned 
into a stream, as it would take up all the dissolved oxygen. 
Before discharge the NIL should be oxidised to nitrites and 
nitrates. Therefore it is subjected to further purification 
in the contact beds or percolating filters by the aerobic 
bacteria. 

The aerobic organisms convert the different ammonia 
compounds held in solution in the effluent, received from 
the septic tank, into oxidised nitrogenous substances of a 
harmless character. These organisms build out of the nitro- 
genous gases, first nitrous acid, which forms nitrites, and 
then nitric acid which forms nitrates by uniting with alkaline 
or other bases. This process is of great importance in bio- 
lysis, since these organisms will carry on the purification 
thoroughly even in the absence of a septic tank, the action 
of which is merely of a preliminary nature. The best way of 
getting the effluent into contact with the bacteria is by pas- 
sing it through percolating continuous pliers or contact beds. 
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A contact bed is a masonry tank on which the effluent 
from a septic tank is distributed and allowed to remain for 
a lixed period, generally two to four hours. During this 
time the aerobic bacteria adsorb nitrogenous bodies which 
are converted into nitrates when the air comes in when the 
bed is emptied. Contact beds are tilled up with fine hard 
furnace clinkers, jhama, or gravel ranging in size from i to 
2 inches. These are not subject to easy disintegration and 
present a relatively large rough surface for the growth of 
bacterial masses. They are generally rectangular in shape 
and may be of any depth, but one with a depth of three feet 
to four feet gives the best result. The materials should be 
removed, washed and replaced i)eriodically. It is important 
that a contact bed should take not more than half an hour 
to till or empty itself, otherwise it would be impossible to 
arrange the j)eriod of rest and contact j)roperly. As in 
intermittent downward filtration system, the contact bed 
should bo so arranged as will enable each bed after four 
hours work to have a period of rest for eight hours, in order 
to establish re-aeration of the bed ; otherwise the organisms 
will die from deprivation of air. 

The disadvantage of a contact bed is that it needs an 
operator. 



Fig. 73.~^Sk(tion of a Percolating Sewage Filter. 

A percolating filter or streaming filter operates on the 
same principle as a contact bed and is used for the same 
purpose, although the method of application of the clarified 
sewage is dilferent. These filters are circular or rectangular 
in shape, usually 6 ft. deep and filled with porous material 
like jhama, cinders, etc., varying in diameter from | in. to 
3 inches, scientifically graded from above downwards, over 
which the effluent is sprinkled through fixed sprinklers, by 
mechanical travelling sprinklers, dripping trays, tipping 
troughs, or by revolving sprinkling arms, which revolve hori- 
zontally over a circular bed {see Fig. 73) to ensure uniform 
distribution. In passing through the filter the sewage rapi- 
dly coats the filtering medium with a gelatinous bacterial 
growth, and it is by cominginto contact with this growth that 
the organic matter is adsorbed from the sewage so that a 
purified effluent results. The adsorbed material is then 
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oxidised by the air in the interstices of the filter so that the 
gelatinous film is capable of adsorbing further quantities of 
organic matter. From time to time portions of the film 
break away from the filtering medium and are discharged 



Fig. 74 .— Percolating Sewage Filter with revolving 
Sprinklers. 

with the effluent ; it is therefore necessary to |\rovide sedi- 
mentation tanks for separating the “humus’’ from the purified 
effluent. 

When properly designed and started these filters practi- 
cally require no attention, but their surfaces require to 
be scraped once a month. It is cheaper, more efficient and 
requires less attention than a contact bed. 

In some installations an open tank has been substituted 
for a closed one, on the assumption that the tough scum 
which forms in the septic tank on the surface of the sewage 
will also form in an open tank, which will prevent the en- 
trance of light and air and will act as a roof for the tank. In 
practice it has been found to work satisfactorily and, there- 
fore, this modification has been adopted in Manchester. But 
a closed type of septic tank is preferable to an open one in 
the tropics, where an open tank will form a breeding jilace 
for flies. Moreover the scum is always liable to be damaged 
and disturbed by wind and rain. The nuisance is often 
considerable owing to the offensive smell given off from the 
exposure of the sewage. 

The septic tank effluent is generally discharged into a 
river or stream. But whether it is safe to do so depends 
upon the size of the river and the amount of dilution the 
effluent undergoes. It can, however, be satisfactorily dis- 
posed of by discharging it on land or into the sea, or by 
using it for boilers in mills and factories. It has been found 
that the septic tank effluent contained the eggs and larvse 
of hookworm. Tanks that were overworked and filled with 
sludge showed more larvie than those that were in proper 
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use. Therfore, where the effluent is discharged into a 
stream or a river, it is necessary to remove the danger of 
transmitting water-borne diseases by disinfecting it before 



being so discharged. This is done by using a delinite amount 
of chloride of lime in solution, or chlorine gas, or by 


Fig. T5. -\ iew of Activated Sludge Plant showing Aeration Channels and Diffusers 
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electrolytic action. Chlorine is now applied to crude 
sewage in order to delay the setting in of septic conditions 
with resultant smells. 

The following are the requirements of a septic tank 
installation : — 

1. There must be an abundant supply of water to pro- 
vide an automatic or occasional flush, suflicient to carry the 
excrement to the tank, and also to keep the place clean. 

2. Under no circumstances should any disinfectants 
be used ; this method takes advantage of the biological 
action of putrefactive bacteria. 

3. The tank should be built in two sections under the 
names of grit chamber and digestion chamber, separated by 
an upper and lower baflle wall. 

4. There must be plenty of space above the line of the 
fluid which stands in the tank to accommodate the ‘^scum’^ 
and the gas. 

5. There must be water-seal inlet and outlet to maintain 
the fluid at a definite level and prevent the escape of foul 
gas, whicli should be let oft* by a gas pipe and can be burnt 
in a mantle. This gets rid of all noxious smells and at the 
same time lights up the place. 

When startinci a new tank it should be inoculated with 
about a hundred gallons of sludge and eftiuent from a neigh- 
bouring tank and then lilled with water. The work of the 
tank should be ])ushed on gradually, and it takes on an 
average about six months to give a satisfactory eftiuent. 

Activated Sludge (Bio-aeration)Process.— This process 
is in reality an aerobic method of disposal of sewage and is 
claimed to be tlie most satisfactory method yet introduced. 
In this process so far as sewage purilication is concerned, 
the activated sludge performs the same function as the 
gelatinous ftim of bacterial growth in percolating filters, 
but here a much higher standard of efticiency is aimed at. 
The sew^age is mixed with activated sludge and aerated for 
a definite period which is usually six to eight hours, 
depending upon the degree of purification required, though 
may be as short as two hours or as long as twenty-four hours. 
The sludge is then separated from the purified eftiuent and 
may be used again, or may have to be regenerated before it 
is capable of purifying a further quantity of sewage. 

The activated sludge isprey)aredfrom ordinary sewage in 
the aerating tanks in the bottom of which are ‘^diffusers^^ 
through which compressed air is passed and atomised for 
a period of four hours in the proportion of 1.75 cubic feet 
of air per gallon of sewage so that it rises in minute bubbles 
through the sewage. This is continued until all the ammonia 
in the sewage is oxidised into nitrates. The air is then 
turned off and the sludge sinks to the bottom. The 
supernatant water is drawn off and fresh sewage may be 




DISPOSAL OF SEW A OK 



3W 


HYaiENE AND PUBLIC HEALTH 


added. After the process has been repeated several times 
an accumulation of ‘'activated'^ sludge results which though 
resembles septic tank sludge is essentially different from it 
as it is inoffensive and is an aerobic ‘‘bacterial culture” and 
may be used in the purilication process. 

The x)rocv^ss of purification takes place in two stages. 
During the first stage the organic matter is broken down 
and the carbon is converted into CO2. After this stage 
the liquid becomes more or less stable, but the process of 
aeration is continued for a time, when during the second 
stage nitrates are formed. The working is astollows : — 



Fig. 77.— Simi'lkx Sukfack Akkation Process. 

All heavy grit and large fioating solids are first removed 
and the sewage is passed through a rough screen to the 
circular tank, where the disintegration is effected by blow- 
ing through the sewage minute bubbles of air. This is done 
by porous diffusers fixed at the bottom of the tank in narrow 
furrows placed radially. A fine emulsion of air and water 
is thus formed which rises to the top carrying with it the 
solids which are broken up mechanically. The sewage now 
passes through the fine screen into the grease-collecting 
chamber where any grease is collected at the top of the 
liquid and trapped, while the sewage itself is drawn off from 
the bottom and is passed into the mixing chamber. Here it 
is mixed with previously aerated sludge and further aerated 
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by means of the diffusers. The volume of the activated 
sludge added varies from 3 5 to 10 p.c. according to the 
character of tlie effluent desired. 

There are several methods by which the mixture of acti- 
vated sludge and sewage can be aerated. The air may be 
blown through porous tiles fitted in the bottom of the aera- 
tion tanks ; or the mixture of sewage and sludge may be 
aerated by drawing it continuously up a tube from the 
bottom of the tank and spreading it in the form of spray over 
the surface, the Simplex Surface Aeration Process. This 
consists of inverted cone-shaped tanks in the centre of which 
are fixed uptake tubes, hopper-shaped on the top and which 
terminate to about six inches from the bottom of the tank. 
The top of these tubes contains a cone fitted with vanes and 
mounted on a vertical shaft. The cones are revolved by a 
motor and suck up the tube a mixture of sewage and sludge 
and throw it out at the top in the form of a fine spray^ 
breaking up the surface of the sewage in the tank and thus 
bringing it into intimate contact with the air. A continuous 
circulation is thus set up, sewage and sludge rising up the 
tube and descending slowly through the body of the tank. 
The final separation of the activated sludge from puriffed 
effluent is effected in sedimentation tanks which are of the 
upward flow type provided with conical or pyramidal bottom^ 
but flat-bottomed tanks fitted with mechanical scrapers are 
largely used now. 

Sludge Disposal— A\l methods of se\vage disposal except 
broad irrigation result in the formation of large quantities 
of sewage sludge, and the great difficulty in the activated 
sludge process is the disposal of the enormous quantities of 
sludge which contain a .very large proportion of water (98 
to 99.5 p.c.). Spreading on the land, ploughing in, drying 
on sludge beds, deep trenching, treatment for the recovery 
of the grease, artificial drying for use as a fertiliser may be 
tried according as the circumstances Avill permit to suit local 
conditions. Formation of ‘‘compost’^ from the sewage has 
been tried in Mysore and Indore (see page 259). Since the 
sludge is rich in nitrogen and phosphates, it could be utilised 
as a valuable manure, provided the water could be got rid of. 
The sludge is therefore de-watered by air-drying on sand- 
beds, filtering, centrifuging floatation and spraying. All these 
methods have been tried in the United States. At Jamsedpur 
about fifty acres of barren sandy land have been brought 
under luxuriant cultivation by irrigation with activated sludge 
effluent and liquid sludge. 

Sludge Digestion . — The fact that sewage sludge ferments 
under anaerobic conditions with the production of large 
quantities of gas has been known since Cameron in 189G 
did his first experiments with septic tanks, but it is only 
lately that the optimum conditions under which this fermenta- 
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tion takes place have been closely studied. Under conditions 
of favourable fermentation two objects are achieved. The 
sludge is reduced in amount and loses its objectionable 
smell, while at the same time it is more easily dried and 
handled than activated sludge. The gas obtained has a high 
calorific value and can be utilised for lighting or heating and 
power production. At first the anaerobic organisms produce 
an acid fermentation which is objectionable, but later on 
alkaline fermentation sets in and is maintained. 

The ferinentatioii consists of two stages, first a production 
of gas and later biological changes without gas production. 
In the first process the sludge is rendered less colloidal and 
a large amount of water separates which can be removed, 
thus reducing the bulk of the sludge and allowing the second 
stage to be carried out in smaller tanks. 

The gas obtained consists largely of methane (Cn 4 ), 76 
to 85 per cent.; carbon dioxide, 9 to 30 per cent.; nitrogen, 
1 to 7 per cent.; with traces of hydrogen and oxygen. It has 
been foiirul that the optimum conditions of digestion are 
obtained if the pll of the sludge is kept between 6.8 and 7.6 
and at a temperature about 84^0. Prom 20 to 30 days are 
usually necessary for complete digestion. 

The digestion may be carried out either in Imhoff or 
Erascher double storeyed tanks or in simple round or rect- 
angular tanks. The gas is collected in floating containers 
and may be used to heat the sludge digestion t«anks. In 
India sludge digestion has been carried out at Bhatpara 
and at Titaghar in Bengal by the Public Health Depart- 
ment. The caloric value of the gas collected has been found 
to be 805.4 B.T.U. per cubic foot as compared with Calcutta 
gas of 560 B.T. U. The gas at Bhatpara drives one of the 
power units i)roviding electric power and for operating the 
purification plant. The rate of gas production in Bengal does 
not seem to vary much with season. 

As a result of experiments carried out at Nagpur (Central 
Provinces) where sewage of about one million gallons per 
day for a population of 155,000 had to be dealt with, it has 
been found that the elfluents from the activated sludge and 
bhe simplex processes were clear, inoffensive and non-putres- 
eible as compared to the effluent of the septic tank. The 
simplex process gave better results when the sludge was 
re-aerated either by the simplex or the activated sludge 
mechanisms. These led to the conclusion that the bio- 
aeration processes were superior to the septic tank plus 
irrigation system. Becently Stewart and Chosal working at 
the All-India Institute of Hygiene showed that typhoid and 
cholera organisms were definitely destroyed by the activated 
sludge process with a reduction in the number of the 
intestinal B. coli, showing a striking contrast to the usual 
treatment of sewage by septic tank, trickling filters, etc. 



DISPOSAL OF SEWAGE 


319 


The following are the advantages of this process : — 

1. The effluent is fully oxidised and is clear and free from 
colloids. Puritication is rapid and perfect. 

2. Putrefaction is quickly stopped and the system is 
free from smell and liies. 

3. The sludge is inoffensive and forms a valuable manure. 

4. A small area of land is siillicient, and a skilled atten- 
dant with a small staff* can easily manage the work. 

5. Owing to the simplicity of the plant, the small tank 
area required, and the absence of filter beds, the capital 
expenditure is much less. 

In India an Activated Sludge Plant has been in operation 
at Jamsedpur. It is designed to ])urify 150,000 gallons of 
sewage daily, derived from a population of 3000 to 4000 people, 
with very satisfactory result. Another plant has been in- 
stalled at the Bengal Engineering College. 

Two other methods have been advocated of late for the 
biological disposal of sewage adapted for use in the private 
houses. They are (1) The Aqua Prwy, and (2) The ^Anti- 
polo’ System used in the Philippine Islands. The ^^aqua 
privy’’ consists of a cylindrical tank having a drowned 
outlet, and a separate upper piece with which is embodied 
the seat or foot rests. The tank is filled with water before 
use and the night-soil goes straight into the tank (under 
the privy seat) where septic action takes place. It is claimed 
that this system is superior to the ordinary service privy 
and the chances of infection from water-borne diseases are 
greatly minimised. The “Antipolo” system consists of a 
covered pit, a platform or seat with a pipe connected to 
the pit, and a ventilating tube. It resembles hored-hole latrine 
in construction (see page 2G6) except that a ventilating pipe 
from the pit through the platform is fixed which should be 
protected by wire gauze and carried a few feet above the 
neighbouring houses. It should not be constructed within 
100 to 150 feet of a well or a tank the water of Avhich is 
used for drinking purposes. 

Merits of the Different Methods of Sewage Dis2)osal . — 
Speedy and complete removal of all excremental matters 
from the neighbourhood of habitations is the primary object 
to be aimed at. The dry method is not efficient, as the 
removal of excreta is undertaken at intervals, and it does 
not satisfy all the requirements. For large towns the water- 
carriage system is the only efficient method of removal of 
night-soil. It should not be discharged into any river or 
stream, but where suitable land is available either intermit- 
tent filtration or sewage farming may be undertaken. By 
land filtration an effiuent is usually obtained which may be 
discharged into a stream, the water of which is not used for 
drinking purposes. Irrigation, besides giving the above- 
mentioned results, has the advantage of rendering the land 
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more fertile by holding up certain ingredients having some 
manurial value. Where land is not available the sewage 
should be treated biologically. This is by far the best 
method, as it is based on a solid scientific principle, besides 
being thoroughly ellicient and economical. But the effluent 
obtained by this treatment is not, as a rule, harmless and 
therefore cannot be permitted to run into any water-course 
without subjecting it to a land or special sand filtration, or 
chemical treatment. 

Characters of a good Sewage Effluent. — A good sewage 
effluent should possess the following characters : — 

1. It should have no hecal smell, and a small living fish 
when kept in it should not readily die. 

2. There should be no marked deposit. 

3. The amount of organic ammonia present should not 
exceed 0.1 part per 100,000. 

4. The amount of oxygen absorbed in 4 hours at 80®F. 
should not be more than 1.5 parts per 100,000. 

5. The amount of suspended matters should not be more 
than 3 parts per 100,000. 

0. When incubated in a closed bottle for a week at 80®F. 
it should not show any sign of putrefaction (as evidenced by 
the production of gases, foul smell, etc.). 

CALCUTTA MUNICIPAL ACT OF 1923 
Schedule xv 
Drains 

2. Every undorj^round houso-drairi shall consist of good sound 
pipes made of glazed stoneware or other suitable material, and shall 
have water-tight joints made of Portland cement or any other cement. 

3. Every such house-drain shall be of adeipiate size, with an 
internal diameter of not less than - 

{a) six inches between the master-trap and the sewer, and 

(h) four inches at all other places. 

4. No such house-drain shall be so constructed as to form in any 
of such drains a right-angled junction, either vertical or horizontal, 
and every branch drain or tributary drain shall be joined to another 
drain obliquely, at an angle of not less than one hundred and thirty- 
five degrees, in the direction of the flow of such other drain. 

5. livery such house-drain shall be — 

(а) laid upon a bed of good concrete of such width as may be 
approved by the Executive Officer, and not less than six inches thick, 

(б) covered for half its depth with concrete not less than four 
inches thick, and 

(c) so constructed as to have a proper fall. 

7. (1) In every such house-drain a suitable trap shall be provided. 

(2) Such trap shall bo placed — 

(а) within the premises, or, 

(б) with the approval of the Corporation and on payment of such 
fees as may be prescribed by the Corporation, in the footpath or (if 
there is no footpath) in the roadway adjacent to the premises, and 

(c) at a point as distant as may bo practicable from the premises 
and as near as may be practicable to the point at which the drain is 
connected with a municipal sewer. 



CALCUTTA MUNICIPAL ACT 


321 


9. Thfe soil pipe of evory connected-privy or connected-urinal 
shall — 

(а) be at least four inches in diameter, 

(б) be fixed outside the privy or urinal, or outside the building in 
which the privy or urinal is situated, and be continued upwards with- 
out any diminution of its diameter, 

(c) be of such height and be so placed as to afford, by means of the 
open end of the pipe, a safe outlet for sower air, 

(d) wlienever practicable, be so constructed as to avoid any bend 
or angle, and 

(e) be so constructed as to have no trap between the pipe and the 
drains Avith which the privy or urinal communicates, and no trap 
(other than such trap as necessarily forms part of the apparatus of 
the privy or urinal) in any part of the pipe. 

11. (1) The following pipes in any noAv building, namely : — 

(а) the waste-pipe from any !)ath-sink (not being a slop-sink 
constructed or adapted to be used for receiving sew age) or lavatory, 

(б) the overflow-pipe from any cistern of from any safe under a 
bath or connected-privy or connected-urinal, and 

(c) every other pipe for carrying off waste water, shall be taken 
through an external wall of the building, may, if the Executive Officer 
so directs, be provided with a suitable trap, and shall bo so construc- 
ted as to discharge into the open air over a channel leading to a 
trapped gully-grating at least eighteen inches distant from that end 
of the pipe from which the water issues. 

17. Except with the written permission of the Corporation and 
in conformity with such conditions as may be prescribed by the Cor- 
poration, either generally or specially, in this behalf, no drain shall 
be so constructed as to pass beneath any part of a building. 

18. The following provisions shall be observed when any drain 
is, with the permission of the Corporation granted under rule 17, 
constructed so as to pass beneath a building, namely - 

(1) the drain-pipe shall be of iron or such other material as the 
Executive Officer may approve ; 

(2) the drain shall be so laid as to leave, between the top of the 
drain at its highest point and the surface of the ground beneath the 
building, a distance of not less than the full diameter of the 
drain ; 

(8) the drain shall be laid in a direct line throughout the whole 
distance beneath the building ; 

(4) the drain shall be completely embedded in, and covered with, 
good and solid concrete at least six inches thick all round ; 

(5) adequate means for ventilating the drain shall bo pro\dded 
(where necessary) at each end of such portion thereof as lies beneath 
the building. 


Privies and Urinals 

20. The Corporation may, for reasons to be recorded by them in 
writing and furnished to the applicant free of charge, refuse to grant 
permission to erect any service-privy or service-urinal which will, 
in their opinion, bo a nuisance. 

21. (1) No service-privy or service-urinal exceeding 11 ft. in 
height shall be placed in the space required by this Act to be left at 
the back of the building — 

(2) No service-privy or service-urinal situated in, or adjacent to, 
a building shall be placed at a distance of less than six feet from— 

(i) any public building, or 

(ii) any building which is, or likely to be, used as a dwelling place, 
or as a place in which any person is or is intended to be, employed in 
any manufacture, trade or business. 

22. (1) No service-privy or service-urinal shall be placed on any 

upper floor of the building. ? 

21 
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(2) The Corporation may, by written notice, require the owner 
of any building to convert any service-privy into a connected- 
privy. 

28. (1) If there is no convenient access from street to any service- 
privy or service-urinal, and if the Corporation consider it inexpedient 
to require that the privy or urinal be converted to a connected privy 
or connectecl-urinal, as the case may be, if they think fit, by written 
notice, require the owner of the privy or urinal to form a passage 
giving access thereto from a street. 

(2) Fivery notice served under sub-rule (1) shall require that such 
passage be formed at ground level, be not less than four feet wide, 
and be provided with a suitable door, and shall inform the said owner 
that the passage may, at his option, be either open to the sky or 
covered in. 

25. (1) A drain shall be provided for every service-privy and 
every service-urinal ; 

(2) such drain shall be constructed of some impervious material 
and shall connect the floor of the privy or urinal,— 

(а) with a drain cominunicating with a municipal sewer, or 

(б) if permitted by the Corporation, with an impervious cesspool 
the contents of which can be removed to a municipal sower either 
by hand or by flow after filtration. 

26. (1) The floor of every privy and every urinal shall, — 

(а) be made of one of the following materials, that is to say, glazed 
tiles, artificial stone or cement, or 

(б) if no such direction is given, be made of thoroughly well- 
burnt earthen tiles or bricks plastered with cement and not merely 
pointed with cement, and 

(c) bo in every part at a height not less than six inches above the 
level of the surface of the ground adjoining the privy or urinal. 

27. 'fhe walls and the roof (if any) of every privy or urinal shall 
be made of such materials as maybe approved by the Corporation: 
provided that 

(a) in the case of service-privies and service-urinals, the entire 
surface of the walls below the platform shall either be rendered in 
cement or to be made as prescribed in clause (a) or (b) of rule 26 ; 

(b) in the case of connected-privies and connected-urinals the walls 
shall, up to height of at least twelve inches above the platform be 
made as prescribed in clause (a) or (b) of rule 26. 

28. The platform of every privy and every urinal shall either be 
plastered with cement or be made of some water-tight non-absor- 
bent material. 

29. Kvery privy and every urinal situated in, or adjacent to, a 
building shall liave an opening, of not less than three square feet in 
area, in one of the walls of tiie privy or urinal, as near the top of the 
wall as is practicable and communicating directly with open air. 

80. (1) Every service-privy and service-urinal shall be provided 
with a movable receptacle for sewage. 

(2) The following provisions shall have effect with regard to such 
privies, urinals and receptacles, namely:— 

(а) the space beneath the platform of the privy or urinal shall bo 
of such dimensions as to admit of a movable receptacle for sewage, 
of a capacity not exceeding two cubic feet, being placed and fitted 
beneath the platform in such manner and position as will effectively 
prevent the deposit, otherwise than in such receptacle, of any sewage 
falling or thrown through the aperture in the platform ; 

(б) the privy or urinal shall be so constructed as to afford adequate 
access to the said space for the purpose of cleansing it and of placing 
therein, and removing therefrom, proper receptacle for sewage j 

(c) the receptacle shall be water-tight, and shall bo mjide of metal, 

well-tarred earthenware or glazed stoneware, and of such construc- 
tion and shape as the Executive officer may consider suitable ; ■ 
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(d) the door of the opening for the insertion and removal of the said 
receptacle shall bo so made as completely to cover the said opening. 

31. Every connected-privy and connected-urinal situated in a 
building shall be separated by a masonry wall from all kitchens, 
habitable rooms and rooms in which any person is, or is intended 
to be, employed in any manufacture, trade or business. 

32. (1) Every connected-privy shall be provided with a suitable 
water-cistern, so arranged as— 

(a) to discharge direct into the pan of the privy not less than three 
gallons of Avater each time the cistern is used, and (d) to prev'^ent 
water being drawn from the cistern for any other purpose. 

(2) All waste-pipes and overflow-pipes attached to such cisterns 
shall terminate in the open air and be cut off from all direct communi- 
cation with any drain. 

34. Every connected-privy and connected-urinal shall be provided 
with an air-tight water-trap immediately below the pan. 

35. (I) Every connected-privy and connected-urinal shall be pro- 
vided with a siphon-trap which shall lie proof against siphonage. 

36. No ‘container^ or other similar nttings shall be placed under 
the pan of a connected-privy or connected-urinal ; and no trap of the 
kind known as ‘‘D-trap’’ shall be used with any such privy or 
urinal. 

37. (1) P]very connected-privy and connected-urinal shall be pro- 
vided with a soil-j)ipe for carrying sewage to a municipal sewer. 

(2) Such soil-pipe must have air-tight joints, and, if it be placed 
above ground, shall be made of metal approved by the Executive 
Orticer. 

(3) Such soil-pipe shall have in addition to the trap prescribed 
by rule 34, a trap placed at some point betAveen the privy or urinal 
and the seAver. 

(4) Such soil-pipe shall be ventilated by direct communication 
with the open air, and if the privy or urinal is situated in a building, 
the pipe must be carried outside the building. 

THE BENGAL MUNICIPAL ACT, 1932 
Removal of sewage, rubbish and offensive matter 

246. The Cominissionefs at a meeting shall provide for the 
removal— (a) of sewage, rubbish and offensive matter from all public 
latrines, urinals and drains, and from all public streets and all other 
property vested in the Commissioners, and (/;) in any municipality 
Avherein a conservancy-rate has been imposed under section 123, of 
seAvage and offensive matter from all iirivate latrines, urinals and 
cesspools, and for tiie disposal of such seAvage, rubbish or offensive 
matter and for the cleansing of such latrines, urinals, drains and 
cesspools, and shall maintain sufticient establisliment, animals, carts, 
sewers, pumps, drains, outfall and disposal Avorks and implements 
for the said purposes. 

248. The Commissioners at a meeting may from time to time 
publish and order prescribing the hours Avithin Avhich and the manner 
in Avhich sewage, rubbish and oftensive matter may be removed. 

250. In any municipality Avherein a conservancy-rate has not 
been imposed, the Commissioners at a meeting may provide places 
convenient for the deposit of sewage, rubbish and offensive matter 
and may recpiire the occupiers of houses to cause the same to be 
deposited daily or at other stated intervals in such places, and may 
remove the same at the expense of the occupier from any house, if 
the occupier thereof fails to do so as required by this section. 

251. (1) The Commissioners at a meeting may from time to time 
publish an order prescribing the hours Avithin which only an occupier 
of any house or land may place rubbish or offensive matter on 
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the public street adjacent to his house or land in a proper recep- 
tacle provided by the Commissioners in order that such rubbish or 
offensive matter may bo removed by the servants of Commissioners. 

(2) No person shall place or allow his servant to place rubbish 
or offensive matter on a public street at other than the times api 3 oin- 
ted and except in the receptacles provided by the Commissioners 
under sub-section (1). 

258. No person who, being the occupier of a house in or near 
a public street, shall keep or allow to be kept, for more than twenty- 
four hours, or for more than such shorter time as may be fixed by the 
Commissioners at a meeting, otherwise tluin in some proper recep- 
tacle, any dirt, dung, bones, ashes, night-soil or filth or any noxious 
or offensive matter in or upon such house, or in any outhouse, yard 
or ground attached to and occupied with such house, nor shall any 
person suffer such receptacle to be in a filthy or noxious state, or 
neglect to employ proper means to cleanse the same. 

254. No person shall — (i) throw or put or cause or permit to be 
thrown or put, any sewage or offensive matter upon any street, or 
drop, pass or place, or cause to be dropped, passed or placed, into 
or in any drain, any brick, stones, earth or ashes or any substance 
or matter, by which or by reason of the amount of which such drain 
is likely to be obstructed; or 

{ii) without the permission of the Commissioners pass, or permit 
or cause to be passed, into any drain provided for a particular purpose 
any matter or liquid for the conveyance of which such drain was 
not provided; or 

{Hi) without the permission of the Commissioners cause or suffer 
to be discharged into any drain from any factory, bakehouse, 
distillery, workshop or work place, or from any building or place in 
which steam, water or mechanical power is employed, any hot 
water, steam or fumes, or any liquid which would prejudicially 
affect the drain or the disposal by sale or otherwise of the sewage 
conveyed along the drain, or which would, from its temperature 
or otherwise, be likelY to create a nuisance. 

257. The Commissioners shall provide and maintain in sufficient 
numbers and in proper situations public latrines and urinals for the 
separate use of each sex, and shall cause the same to be kept in 
proper order and to be properly cleansed. 

258. (1) When application is made to erect or materially alter 
any building— (i) intended for human habitation, or (ii) at or in which 
labourers or workmen are to be employed, the Commissioners may 
direct that such privy and urinal accommodation shall be provided 
as they consider to be suitable therefor. 

(2) In directing the provision of any such accommodation the 
Commissioners may determine in each case— (a) where an under- 
ground sewerage system has been provided, whether such building 
shall be provided with service or connected privies or urinals, or 
partly with one and partly with the other ; and (6) wlnat shall be the 
site or position of each privy or urinal, and their number. 

(3) When any promises at or in which not less than twenty 
labourers or workmen are employed are without privy, urinal, bath- 
ing or washing place accommodation to tlie satisfaction of the Com- 
missioners they may, by written notice, require the owner of such 
premises to provide such privy, urinal or bathing or washing place 
accommodation as they may prescribe. 

261. No person shall, without the written permission construct 
or keep any house-drain, service-privy, urinal or cesspool within 
fifty feet of any tank, well or water-course or any reservoir for the 
storage of water or construct any privy with a door or trap-door 
opening into any road or drain. 

262. (1) All latrines, urinals, sinks, cesspools and drains shall 
be subject to the control of the Commissioners and the Commissioners 
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or any oMcor aiitliorized by tlieiii in this behalf may inspect any 
latrine, urinal, cesspool, sink, drain or receptacle for sewage or 
offensive matter at any time between sunrise and sunset. 

2()3. (1) The (Commissioners may require by notice the owner 
or occupier of any land or building, within a period to be specified 
in tlie notice, —(a) to close, remove, alter, repair, disinfect or put in 
good order any cesspool, drain or receptacle for sewage, offensive 
matter or rubbish pertaining to such land or building, to provide to 
their satisfaction access from a house-gully or lane to any service- 
privy or service-urinal in or on such land or l)uildiiig, or to demolish 
any privy or urinal constructed, rebuilt or altered in or on such land 
or building in contravention of section 2()1 or any by-law framed 
under section 2h9 or section 277 : {h) to provide such cesspools, 
drains or receptacles for sewage, offensive matter or rubbish, as 
should, in their oi)inion, be provided for the building or land whe- 
ther in addition or not to any existing ones; or (c) to cause any 
latrine or urinal provided for the building or land to be shut off by 
a sufficient roof and wall or fence from the view of persons passing 
hj or dwelling in the neighbourhood. 

254. (1) VVhere a privy or privies belonging to one or more pre- 
mises are so placed as in the opinion of the (Commissioners to afford 
to the municipal conservancy staff no suitable means of access there- 
to for the purpose of cleansing such privies, the ( /ommissioners may 
by written notice to the owner or owners of such privy or privies, 
require them to provide a house-gully of such dimensions and so 
paved and drained as they may think necessary for such purpose. 

(2) If such notice be not complied with within the time fixed by 
the (commissioners, they may themselves acquire land and construct 
such house gully, and the expense thereby incurred shall be paid 
by the owner in default, and where there is more than one owner, 
by the owners in such proportion as may be settled- (a) by the 
(commissioners at a meeting; (6) in case of dispute, the District 
Magistrate. 

265. When, under sub-section p) of section 268, an owner or 
occupier is required by the Commissioners to use disinfectants the 
Commissioners may themselves supply disinfectants or deodorants 
for such use at cost price, and the expense thereby incurred shall be 
considered as an arrear of tax, and be recoverable as such from the 
owner of the cesspool, drain or receptacle, as the case may be, or the 
(commissioners at a meeting may, if they think fit, order that such 
expense shall be paid from the Municipal Fund. 

266. The owner or occupier of any premises to which any latrine, 
urinal, cesspool, drain or other receptacle for sewage or offensive 
matter pertains, shall keep in a proper state such latrine, urinal, cess- 
pool, drain or other receptucle. 



OHAPTEE XIV 

DISPOSAL OF THE DEAD 

Strange indeed are many of the ceremonies attending the 
disposal of the dead in different parts of the world, and follo- 
wing the natural order of things, the more primitive the 
nation the more primitive its methods. The crudest mode 
now prevalent is that of simply leaving the body exposed, 
but the ways of exposure vary considerably. The Wanyam- 
wesis, in West Africa, carry their dead into the forests to 
be devoured by beasts of prey, while some of the tribes of 
Guinea throw the corpse into the sea. The Kamtchadalcs 
keep dogs to consume their dead. The Tibetans in the 
wooded regions burn the bodies, while the inhabitants of the 
vast barren northern and central regions abandon the corp- 
ses to the beasts of prey either in cemetries reserved near 
the village or anywhere on the mountain solitude ; while 
the bodies of high religious dignitaries are sometimes pre- 
served by the double process of salting and cooking in 
butter.* The Parsees place their dead in a round tower, 
called the Tower of Silence. 

As knowledge grew so the desire to preserve the dead 
increased and everything was done to prevent or hinder the 
return of the body to its constituent parts. So embalming, 
the heavy lead coffin, the sealed stone sarcophagus were all 
used in turn. But the burning of human remains has been 
practised throughout the world from remote antiquity, 
though it has not been considered to be an acceptable 
method yet in many countries. 

When it is realised that several millions die every year in 
India and of these quite a large number from infectious dis- 
eases like smallpox, cholera, etc., it will be at once apparent 
that safe disposal of the dead in such a manner as not to 
affect the public health is an important sanitary problem. 
Customs associated with its disposal are too well estab- 
lished. Any modification, therefore, in the direction of 
improvement should be made ‘‘having due regard to the 
sentiment of the relations and the populace generally and 
to the religious observances peculiar to each sect.’’ The 
method of removal of the dead for disposal is no less impor- 
tant. The usual practice in India is to carry the body on a 
charpoff or a small wooden bed ; but with certain poor classes 
it is often Carried tied on to a length of bamboo. Moreover, 
the bodies are not always properly covered. Such a practice 
is not only unsightly but unhygienic. 

•Alexandra David-Neel. With Mystics and Magicians in Tibet 
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Although the spread of infection from the dead body 
of any infectious disease is not so great, yet there is no 
doubt of the possibility of the spread of infection in the 
case of smallpox or cholera. In the former the whole body 
is covered with infective material, while in the case of the 
latter the body surface and the clothing become infected 
with the discharges. It is therefore of great importance that 
these bodies should be covered with cloth soaked in some 
antiseptic lotion. 


Ckematton ok Burning 

Cremation may be said to have been the general practice 
of the ancient world, with the exception of Egypt, where the 
bodies were embalmed ; Jiidiea, where they were buried in 
sepulchres ; and China, where they were buried in the earth. 
Cremation is the most satisfactory method of disposal of the 
dead, and is the old-established custom with the majority of 
the Hindus, who burn the body on a pyre in the open air. 
By this method the body is reduced to a small quantity of 
odourless ash within about three hours. The bodies are 
cremated on the bank of rivers, and in the absence of a river, 
on the bank of some tank. The usual fuel is wood (ordinary 
soondry or (joran), and costs about six rupees (ten shillings) 
and upwards. The quantity of fuel required to completely 
consume the corpse of an adult is about live maiinds or 400 
lbs. The bodies are, as a rule, so covered with wood that very 
little can be seen. The smell is hardly perceptible at a short 
distance, and if the place is enclosed by a wall the nuisance 
to the neighbourhood is reduced to a minimum. Unfortu- 
nately however burning as practised in this country espe- 
cially by the poorer classes leaves much room for improve- 
ment both on sanitary and aesthetic consideration. Fuel being 
expensive the bodies are not often properly burnt and the 
half charred bodies are often thrown into the river or stream. 

In large cities cremation acquires an increased importance 
on account of the promptitude with which dead bodies may 
be disposed of during epidemics, as tire removes all traces of 
contagion that might remain in a grave-yard. A burning 
ground also occupies less space. The smoke and smell 
coming from a burning ground, especially when it is in full 
action, indicate that the temperature of the lire is insufficient 
and heat is being wasted. An open fire cannot concentrate 
its heat on a body, and the smoke proves that the air supply 
is defective. To consume a body rapidly, completely and 
without offence, the fire should reach its highest temperature 
before the body is placed in it, and this is only possible when 
it is enclosed in a properly constructed furnace. 

Cremation is gradually becoming popular with Europeans 
in India and a crematorium has been established in Calcutta. 
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The most perfect cremation furnace should consist of a bed 
ot linely broken quartz, seven feet long and twentyeight 
inches wide, supplied from beneath with a mixture of gas 
and air, which when properly adjusted burns without visible 
flame, rendering the quartz bed nearly white hot. A tem- 
perature of 3,001)0 ^111 decompose water to its elements 

and consume all organic matter. The furnace should be 
enclosed with an opening above to let out the invisible and 
odourless products of combustion. The process will last for 
about half an hour, and the residue left will be a small 
quantity of white lime from the bones. A number of these 
furnaces could be put in a very limited space. 

Within recent years many bodies have been exhumed in 
England, and in some cases the crime has been brought home. 
It is argued than if these bodies were cremated the criminals 
would have escaped. The compulsory use of death certi- 
ficates will to a great extent minimise this. But the time for 
detecting crime is not after but before the body is disposed 
of. Poisons like copper, arsenic, etc., might be detected from 
the ashes or iinburnt pieces of wood. 

Earth Burial 

The object of burial being speedy resolution and complete 
oxidation, the soil best suited for the purpose is a sandy or 
calcareous loam. This should be reasonably porous and light, 
and either naturally or artiflcially drained to a depth of 8 ft. 
Clay soil is bad as it cannot be drained properly, and allows 
the products of putrefaction to escape through cracks in dry 
weather. The same objection applies to a chalky soil. 
Burial is a very expensive method of disposing of the dead ; 
besides the initial outlay of purchasing the land there is a 
recurring expenditure for establishment, structural repairs, 
etc. 

In the selection of a burial ground the following points 
should be attended to : — 

1. Lands liable to flooding are unsuitable. 

2. The ground should not be high, as the natural drainage 
may pollute the water-supply at a lower level. 

3. The area should be marked into plots, and provided 
with pathways at convenient intervals. 

4. The area should be outside the limits of future 
buildings. The ground should not adjoin dwellings, and 
trees and shrubs should be planted to absorb the carbonic 
acid given off during the disintegration of the bodies. 

Overcrowded cemetries influence the health of the people 
of the locality prejudicially by (a) contamination of the air ; 
(5) contamination of the water by products of decomposition ; 
and (c) contamination of water-supply by specific organisms. 

The number of full-sized non-masonry graves to a cottah 
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(720 sq. ft.) of land allowing 6 ft. by 2 V 2 ft. for each, and a 
space of 4 feet between, would be only twelve, or two 
hundred and forty to the bigha. If the intermediate spaces 
could bo utilised in future without disturbing the graves, 
one bigha will altogether accommodate 480 cori)ses. In 
Calcutta ordinarily, 7 feet by 4 feet is allotted for full-size 
non-masonry graves for those above ten years ; o feet by 3 
feet for those of children under ten; and 3 feet by 2 V 2 feet 
for those of infants under one year. The area should be 
marked out in plots and interments made in regular lines 
with pathways at convenient intervals. Deep burial should 
be avoided, and a space of at least 2 feet should be left 
between the level of the subsoil water and the dead bodies. 
In fact for every foot of depth below the soil it takes one 
year for necessary resolution. The use of metallic or strong 
wooden coffins, brick graves or vaults helps to preserve the 
bodies for a long time, and thus interferes with their proper 
resolution and oxidation. Bodies should be interred in easily 
destructible coffins, 3 to 5 feet below the surface of the earth, 
where the micro-organisms exist in abundance. The Maho- 
medans do not use any coffin; therefore the bodies disinte- 
grate more rapidly than when coffins are used. Too shallow 
a burial should be avoided, as there is risk of the graves 
being dug up by jackals or other animals, and in all cases 
they should be protected by strong fencing. It takes about 
a year for the soft parts to disappear inoffensively. 


THE CALCUTTA ISIUNICIPAL ACT. .1923 
Disposal of the Dead 

457. (1) Every owner or keeper of a place, not vested in or 
owned by the Corporation or a Board appointed by the Local Govern- 
ment for the administration of such place, which is used for burying, 
burning or otherwise disposing of the dead shall cause the same to 
be registered in a register which shall be kept by the Corporation 
and shall deposit in the municipal office at the time of registration 
a plan of the said place showing the extent and boundaries thereof 
and bearing the signature of a surveyor in token of its having been 
prepared by or under the supervision of such surveyor. (2) All 
burial and burning grounds shall be classified by the Corporation 
in the said register as public or private. 

459. Except with the written permission of the Corporation — (a) 
no place which has never previously been lawfully used as a place 
for the disposal of the dead and registered as such shall be opened 
by any person as such place, and (6) no burial or burning ground or 
other place for the disposal of the dead which has fallen into disuse 
shall be again used as such. 

460. (1) If the Health Officer is at any time of opinion— (a) that 
any place of public worship is, or is likely to become, injurious to 
health by reason of the state of the vaults or graves within the 
walls of, or underneath, such place or in any churchyard or burial 
ground ad.iacent thereto, or (h) that any other place used for the 
disposal of the dead is in such a state as to be, or to be likely to 
become, injurious to health, ho may submit his said opinion, for the 
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consideration of the Local Government who shall direct the closing 
of such place for the disposal of the dead. 

462. (1) No person shall, without the written permission of the 
Executive Officer,— (a) make any vault, grave or interment within 
any wall, or underneath any passage, porch, portico, plinth or veran- 
dah, of any place of worship; or (6) make any interment or other- 
wise dispose of any corpse in any place which is closed for the 
disposal of the dead under section 460; or (c) build, dig or cause to 
be built or dug any grave or vault, or in any way dispose of, or 
suffer or permit to be disposed of, any corpse at any place whicli is 
not registered ; or (d) exhume any body from any place for the 
disposal of the dead, except under the provisions of section 176 of 
the Code of Criminal Procedure, 1898, or of any other relevant enact- 
ment for the time being in force. 



CHAPTEK XV 

PERSONAL HYGIENE 

In the preceeding pages we have described the dillerent 
environmental factors which contribute to the health and 
well-being of the community in general, i.e. concerned with 
public health, but which are equally important to the 
individual, although these have to be handled as an organised 
activity of the community as a whole. Personal hygiene on 
the other hand deals with matters pertaining to the health 
of the individual himself for the maintenance of which the 
responsibility lies with him alone. Self preservation is a law 
of nature, but to be able to live a healthy life and keex^ the 
body and mind at the best level not only for the sake of 
health but for the satisfaction of serving the world and 
society is a blessing only enjoyed by man, and should be the 
aim and ambition of every person. All men however are not 
endowed with the same amount of mental efficiency any more 
than with physical well-being. While one enjoying good phy- 
sical and mental powers should not only learn to utilise them 
to his best advantage, he should also recognise the limi- 
tations beyond which any attemi)t to run the human ma- 
chine will be frought with danger. Similarly one less fortu- 
nately endowed should adjust his activities within the limits 
of his bodily ])Owers and at the same time should try to cor- 
rect his shortcomings and improve his general condition by 
following hygienic laws. According to Adler man has three 
main phases of life, iriz. q pcupatio nal. social and, sexu al. 
How to find an occupation which will enable us to survive 
under the natural limitations set by the nature of the earth, 
how to find a position amongst our fellow brethren so that 
we may get the benefit of mutual co-operation, and finally 
how to reconcile ourselves to the fact that we live in two 
sexes, and that the perpetuation of the species depends upon 
our sex life. These are the dillerent problems which con- 
front us. It should be the aim of every man to live on a 
higher plane, and one should not always follow the dictates 
of instinct. Indeed one has to keep his instinct under con- 
trol, and moderation in all matters should be the guiding 
principle. It is however the environment in which the 
individual is brought up that determines his various instincts 
and sensations. Apart from the environment the other 
predominating factor which influences the life of the indi- 
vidual comes from the inward constitution which we call 
heredity. 

The question whether environment or heredity plays the 
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more important part is unsettled, but both are equally ess- 
ential. Experimental evidence goes to show that what is 
inherited is something definite and unchangeable for several 
generations. In fact geneticists are generally agreed that 
onr hereditary equipment includes every resource of the 
body, mind and spirit. Thus we come to the world with 
certain potentialities which can he developed up to a certain 
limit fixed by inheritance. 

HiniEDITY AND EUGENTrS 

Heredity means the transmission to the descendants of 
the physical, mental and moral traits and dispositions of the 
ancestors in varying proportions. Since it is known that 
heredity plays some part in the transmission of certain dis- 
eases, malformations and defects, it will he interesting to 
study the different experimental observations on which our 
modern knowledge of heredity is based. The nucleus of the 
body-cells shows pairs of stainable rods of various shapes 
called c/«romo.somcs. These pairs are homologous and are 
of the same shape and size. When the germ cells are formed, 
the pairs separate, one member of each homologous pair 
going to each germ cell. The conjunction of twp germ cells 
brings the number of chromosomes up to the normal again. 
There are in the human body 24 pairs of chromosomes. 
Twenty-three pairs are of the same size and shape and are 
known as the ordinary or regular chromosomes and contain 
the hereditary substances or characters. The remaining 
pair contain the characters which determine the sex of 
the offspring and are known as the sex chromosomes. It 
will be seen that there are 46 ordinary chromosomes and 2 
sex chromosomes in the body-cells. The sex chromosomes 
in the female look exactly alike under the microscope after 
proper staining, while in the male they are different both 
in shape and size, one being smaller than the other. The 
larger one is called X-chromosome, and smaller is known 
as Y-chromosome. In the female therefore there are two 
X-chromosomes and in the male 1 X-chromosome and 1 
Y-chromosome. 

When the ovum becomes fertilised by the kind of sperm 
which contains 23 ordinary chromosomes and 1 X-chromo- 
some, then the resulting fertilised ovum will contain 46 
ordinary and 2 X-chromosomes. This being the chromo- 
somal condition in the female body-cells, the progeny will be 
female. On the other hand if the ovum becomes fertilised 
with a sperm containing 23 ordinary chromosomes and the 
Y-chromosome, then the fertilised ovum and the progeny 
will contain 46 ordinary chromosomes, 1 X-chromosome 
and I Y-chromosome. This being the chromosomal condi- 
tion in the body-cells of the male, the progeny will be male. 
The ordinary chromosomes are carriers of the hereditary 
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substances from the parent to the child and are the ve- 
hicles for transmitting physical and mental characters. 
Some of the characters borne by the chromosomes be- 
come conspicuous in the progeny and are dominant charac- 
ters^ while others remain undeveloped or recessive, i.e. 
cannot be observed, but may later be transmitted to the 
progeny of succeeding generations, when they become 
prominent under certain conditions. The particular part 



Fig. 78.— The Mendelian explanation of the breeding of white 
mouse with black mouse. A white mouse with tw^o “white^^ genes in 
each nucleus (upper left) is bred with a black mouse w ith two black 
genes (upper right). The resulting generation (middle roAv) have one 
gene of each kind and are therefore grey. Wlien these are inbred, 
black, grey and white are produced. Modified from The Science of 
Life by H. G. Wells, Julian Huxley and G. P. Wells. 

of the chromosome which determines the special type of 
the character from the parent to the oftspring is known 
as the gene. If there is a dominant gene in either of the 
homologous chromosomes, that character appears in the 
organism, even though there is a recessive gene present in 
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other chromosomes. To bring out a recessive character the 
recessive genes must appear in both members of a pair of 
homologous chromosomes, i.e. in the germ cells of both 
parents. 

The problem of transmission of hereditary characters was 
first studied by Mendel in plants. Taking two varieties of 
peas, one dwarf variety which grows to a height of a few 
inches, and the other tall variety which reaches a height of 
several feet, he crossed them artificially, lie found that 
when the pollen of one variety was used to fertilise the 
flowers of the other the resulting seeds when grown produ- 
ced tall plants only. By crossing these tall plants amongst 
themselves, the seeds resulting therefrom when grown pro- 
duced both tall and dwarf plants in the proportion of 3 to 1. 
But the tall plants when allowed to self-fertilise produced 
two sets of plants. Some produced both tall and dwarf 
plants in the proportion of 3 to 1, while others produced tall 
plants only. It will be observed that the character of 
tallness dominates in both generations of progeny, and is 
the dominant character, while dwarfism is the recessive 
character. Now let us take the case of black and white mice. 
If we cross these two we get a progeny of grey, a hybrid 
generation. If we inbreed these again we get a second 
generation of three distinct types; viz. black and the white 
like the original stock, and the grey of the first hybrid 
generation. It will thus be seen that the units in the 
constitution which determine black and white were neither 
lost nor merged together to form grey mice, but remained 
distinct to be able to come out unchanged in a later genera- 
tion. These contained the determiners or genes of black 
and white and these will always breed black and white. 
These were pure or homozygous, i.e. their germ-cells did not 
possess characters other than pure white or pure black. 
But the chromosomes of the grey ones contain characters 
or genes of both black and white, and these will breed 
black, white and grey. These are heterozygous, i.e. the 
chromosomes of each cell contain determiners for both black 
and white. 

The hereditary substance which determines the sex or 
any other character of the offspring is called a determiner. 
Sometimes however a new character occurs which cannot be 
explained as being due to any specific gene, but is due 
either to the formation of some new gene arising as a 
natural process of evolution, or to genes changing their 
characters from environmental influence. This is known as 
mutation* 

According to the Hindu law-giver Manu the wife has 
been compared to soil and the husband to seed ; of the two 
the seed is more potent, since no organisms deviate from 
the characters of the seed. It appears that Manu regarded 
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the female germ as complementary to the male, the function 
of the former being mainly nutritional and that of the 
latter of the nature of a determiner. 

Many abnormalities or peculiarities are perpetuated 
through repeated generations of the offspring. Thus harelip, 
polydactylism and other congenital defects or deformities 
can be traced through many generations of the stock. It is 
believed that there is some positive factor that induces the 
formation of these deformities. 

To the student of preventive medicine the hereditary 
transmission of disease is of the utmost importance. Not- 
withstanding the popular conception to the contrary, infec- 
tious diseases are not inheritable in the proper sense. No 
disease germ nor any disease determiner is passed from 
parent to child through the ovum or spermatozoon. True 
inheritance is transmitted through the chromosomes of the 
germ cells and no chromosomes either of the spermatozoa 
or ova transmit the germs of disease. 

Of the diseases generally classed as transmissible are 
syphilis, haemophilia, tuberculosis, gout, anaphylaxis, colour 
blindness, myopia, epilepsy, hereditary ataxia, insanity, etc. 
Of these the following require more than a passing notice : — 

SfjpUilis. —It is not transmitted hereditarily in the proper 
sense. It is really congenital and is acquired before birth 
by the fcetiis. The treponema circulating in the blood stream 
of the mother apparently penetrates the placenta, and enters 
the foetal circulation. 

Hcemophilia and Colour Blindness . — Hfcmophilia is a con- 
dition characterised by the diminished coagulability of the 
blood so that a minute wound, which to a normal person is 
of little consequence, causes profuse haemorrhage. Such 
persons are called ‘^bleeders. This condition and colour- 
blindness are passed down from one generation to another 
through sex-linked inheritance. Haemophilia is transmitted 
by normal females mostly to male descendants. Colour- 
blind fathers transmit the defect not to the children but to 
one-half of the grandchildren ; whereas colour-blind mothers 
transmit the defect to all her sons and not to the daughters, 
to one-half of her grand-daughters and one-half of her 
grandsons. 

Tuberculosis . — This is not transmitted hereditarily. The 
reasons why the disease runs in the family are (1) inheritance 
of low capacity to resist disease ; (2) inherited predisposi- 
tion ; and (3) greater opportunities for infection due to close 
association of the infected with other members of the family. 

Mental Disease . — It is generally believed that mental 
disease is transmitted hereditarily. But this view has 
been challenged recently and the whole question of heredity 
and environment in the production of mental defect and 
disorder was reviewed, by a Committee of the Board of 
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Control of England.* Although most of the witnesses recog- 
nised ‘heredity^ as an important factor in the causation of 
mental defect or disorder, the Committee came to the con- 
clusion that except Huntington^s chorea and myoclonous 
epilepsy, which were both rare types, there was no con- 
clusive evidence that the transmission of mental defect or 
disorder followed Mendelian ratios. On the other hand 
the Committee regarded as clearly established that a pro- 
portion of cases of mental deficiency was due entirely to 
environmental factors, although the proportion was compa- 
ratively small. The Committee was of opinion that 29 per 
cent, of mental defects were hereditary, pure and simple, 
9 per cent, were due to environmental conditions, and the 
remaining 62 per cent, were conditioned by both heredity 
and environment. The incidence of abnormal conditions 
was definitely greater in the families of the higher-grade 
defectives than in the families of lower-grade defectives. 
And the families in which there were mentally defective 
children had other members, who, though not mentally de- 
fective, were persons of low intelligence. 

Eugenics. — We have now to consider the question of 
eugenlcal application of the laws of inheritance^of defects. 
Eugenics is defined as the science of healthy race culture, 
i,e, of being well-born. According to Deane Inge in the 
absence of any systematic race culture we shall gradually 
slide back into feeble and helpless creatures, the destined 
prey of some more vigorous stock. According to Blacker 
it implies the general aim that people should be well-born, 
and that the function of parenthood should not be left to 
chance, but should be so planned and directed by the par- 
ents as to yield the best results for the future generation. 
A nation consists of peoples and peoples of races. National 
culture and progress imply race culture, i.e, to make 
each man and woman fit physically, mentally and spiri- 
tually. What are the factors that make the individual 
noble or base, healthy or diseased, wise or foolish, clever or 
stupid, kind or cruel? Eugenists attribute every character 
of every living being to the product of nature or nurture. 
Nature includes everything given at the individual’s begin- 
ning, nurture includes all nutrition from the moment of the 
formation of the new individual onward, and includes en- 
vironment — physical, social and spiritual. 

The problem of practical eugenics has three aspects, viz. 
(a) how worthy parenthood may be encouraged (positive 
eugenics) ; (b) how unworthy parenthood may be discouraged 
(negative eugenics) ; and (c) how parenthood may be 
protected from racial poisons. Except in so far as the 
private judgements of the individuals about to marry are 

* British Medical Journaly Jan. 21 y 1934, 
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concerned little attempt at positive eugenics has been made. 
It is often asked why so many people of the well-to-do 
classes do not have children. It is possible that the following 
factors are responsible, viz.^ the man or the woman may be 
sterile, or the man may be impotent, or the woman may 
have a history of miscarriages. Both may be averse to have 
any children, or the childbearing may be dangerous on 
grounds of health for the woman. In rare instances the 
married couple may lack parental instinct. Apart from these 
factors the other causes of fall of birth-rate are the changes 
in inherited racial constitution, and changes in bodily 
metabolism which tend to reduce reproductive vigour.* 
Professor Gini has advanced the theory of the ageing of the 
race. lie considers that a race or a family passes through 
the stages of youth, maturity and old age, as does an 
individual. According to him the upper classes are further 
on ‘^the parabola of evolution” than are the lower, hence 
their fertility is diminished. How these different diverse 
factors maybe remedied, whether by help of treatment or by 
changes in our laws or customs is a subject for the positive 
eugenists. Negative eugenics aims at limiting the fertility 
of stocks which are regarded as unsound. The methods 
advocated are birth control, sterilisation, segregation, legal 
prohibition of marriage, abortion, and euthanasia. 

With regard to birth control by the use of contraceptives 
there is much difference of opinion on the desirability of its 
wide application. A method which is simple and reliable 
and without any harmful eff'ect on the users and {esthetically 
unobjectionable has yet to be found. In persons exhibiting 
serious hereditary defects, if descended from a strain that 
they may be possible carriers of the defect, steps should be 
taken that there should be no issue to the marriage of such 
persons. Economic conditions, poverty and ill-health of the 
parents play an important part in the domestic life of 
married people. If sexual continence cannot be relied upon 
for limiting the number of children, birth control measures 
may be adopted not for absolute prevention of conception 
but for regulating the intervals, or for spacing the birth of 
children according as the health of the mother or the family 
purse will permit. Extensive use of birth control measures 
may have a harmful effect on the morality of the people. 
Human nature being what it is there is the possibility of 
promiscuous sex relations. Moreover the existing methods 
can only be used by people of intelligence and education, 
so that after continuous use of these measures for several 
years there will be the danger of the population degenera- 
ting, as there will be more of the ignorant and unwelcome 
type and less of the intelligent and desirable type who will 

* Hankins, Eugenics Review, Vol. 23, 1931 
22 
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be au asset to society. The subject is beset witli so much 
possibilities for good or for bad both in the domestic and 
social life that birth control measures should be introduced 
very cautiously so that the maximum of good can come out 
of its use with the minimum of harm. 

Segregation of all persons likely to prove dangerous to 
society including habitual criminals, diseased and defectives 
has been advocated by the Society of Eugenics. This of 
course requires legal power and government help. 

Sterilisation was performed as a compulsory measure in 
several American States on various types of mental defec- 
tives. One idea was to prevent parenthood and another 
that many could be released from state expense. These 
experiments have not proved successful for various reasons 
and most of the States have now made such sterilisation a 
voluntary measure. Sterilisation so far as is known has no 
direct effect, for better or for worse, upon the physical 
powers or the mental or moral functions. Thus if a moral 
degenerate be sterilised and let loose in society he might 
continue these activities. The Committee of the Board of 
Control above referred to after careful survey concluded that 
the case for compulsory sterilisation could not be established, 
although they recommended that voluntary sterilisation may 
be sanctioned by law on the assumption that enough was 
known to be true that inheritance played an important part 
in the causation of mental defects and disorders. The Com- 
mittee further held that mentally defective and mentally 
disordered parents were, as a class, unable to discharge their 
social and economic liabilities or create an environment 
favourable for the upbringing of children. The operations 
for sterilisation which are recommended are vasectomy in 
the case of males and salpingectomy in the case of females. 

Operations for sterilisation on eugenic grounds provide 
an intermediate case between obviously legal and probably 
illegal acts. Since according to law sterilisation without 
the consent of the woman is a crime, it must also be a 
crime to sterilise a person who has not the intelligence to 
consent. The present legal position in England with regard 
to sterilisation has been summarised by Binne,y* as follows: 
— ^^A sterilising operation may be lawfully performed for 
the patient’s health. To perform one without adequate 
reason is most probably an olfence ; whether to perform 
one for eugenic reasons is forbidden or not, remains doubt- 
ful, except that in the case of lunatics and mental defectives 
it is legal.’^ 

Abortion has also been advocated but its advantage from 
the eugenic standpoint requires careful study before it can 
be legalised. Dr. Killick Millard would like to legalise 

• Proc. Royal Society of Medicine^ May, 1935 
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euthanasia for persons suffering from lingering, painful and 
incurable diseases. But this has no eugenic significance, 
since persons like these rarely reproduce themselves. For 
humanitarian reasons a child born defective mentally or 
with other serious defects should not live, but from the 
eugenic point of view all that is wanted is that it should not 
reproduce when it grows to maturity if there is any pro- 
bability of the defect being handed down. This aim may be 
achieved by sterilisation at a later j>eriod of life. 

Amongst the Hindus marriage is obligatory to every man 
and woman for the sake of having children. Inbreeding is 
prohibited, as it perpetuates the objectionable hereditary 
characters, and by securing the homozygous combinations 
brings out the latent or recessive characters in the progeny. 
In general it has been found that if an animal or plant stock 
is constantly inbred, its size, its fertility and its economic 
worth will deteriorate. But if there are harmful recessives, 
inbreeding will be bad and outbreeding good, on the other 
hand if there are desirable recessives the reverse will be true. 
In the case of human stock tainted with a concealed recessive 
hereditary defect any form of inbreeding will be harmful. 
The classical example of inbreeding producing actual im- 
provement of the original stock is that shown by Miss King 
by mating brother and sister of albino rats for generation 
after generation. The eugenic minded individual will there- 
fore, in the first place, be careful whom he marries, and 
will give greater weight to such qualities as good health, 
vitality, intelligence, character and psychological robustness 
than to wealth or social position. 

That the principles of eugenics were practised in India 
specially by the Hindus is evident from the following 
teachings : — Grihya Sutra says, ‘‘Let him first examine the 
family of the intended bride and bridegroom, those who are 
on the mother’s side and on the father’s side. Let him 
marry a girl that shows the characteristics of intelligence, 
beauty and moral character, and who is free from disease.” 
Mann enjoins avoidance of the following kinds of families, 
mz. those in which the usual good practices of life are 
conspicuous by their absence, in which no male cliildren 
are born, in which the members are illiterate, very hairy, 
afflicted with hemorrhoids, tuberculosis, dyspepsia, epilepsy, 
white leprosy (leucoderma),and leprosy. Similarly girls with 
copiously hairy bodies and who possess extra organs or other 
abnormalities, or who are invalids, ill-tempered and pugna- 
cious should not be selected. 

A vSiimrnary of the policy of the British Eugenics Society is given 
below : — 

yioral and Scientific Bases . — The moral basis of eugenics is that 
our duties extend not only to our neighbours, but also to all posterity. 
The scientific basis is that the offspring of persons above or below 
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the average in any natural quality will probably be respectively 
above or below that average with regard to this same quality. 

Hence, to insure racial progress and prevent racial degeneration 
it is necessary to advocate a speedy realisation of the following 
reforms, precautions and changes in social policy, a change in public 
opinion being a necessary preliminary step. 

1. Definitely Defective Tjypcs.— Prevention of reproduction either 
by (a) Segregation, or (b) Sterilisation. These apply to individuals of 
unquestionably mentally defective type, habitual criminals, conlirmed 
drunkards, and the chronic uneinployables. 

2. Public Opinion as a Safeguard. — This is important to prevent 
parenthood of the insane after recovery, the epileptic, and those 
suffering from certain comparatively rare hereditary defects, and in 
normal persons with a seriously defective family history. 

3. Family Limitation of the ^Hess fW\ — This is ai)plicable to stocks 
which are generally inferior without presenting clearly recognisable 
defects. 

4. Superior Stocks.— Fho birth-rate of the superior types must be 
made to be at least as high as that of the inferior types. Therefore to 
limit the family is to encourage national deterioration owing to race- 
suicide of superior stocks. 

5. Conception Control. - At is justitiable only on the following 

grounds : -(a) Recognised medical reasons; or (6) to secure an ade- 
quate interval between births; or (c) when the child could not be 
reared in accordance with a certain minimum standard of civilisation ; 
or (d) to avoid lowering the standard already attained by the family ; 
or tinally, (e) on account of the probable transmission of serious 
hereditary defect. ' 

6. Selection in Marriage. — People should realise the disadvantages 
to themselves and their descendants likely to arise from marriage 
with the unintelligent and the unhealthy. 

7. Legislation in Regard to Marriage. As a preliminary to issue 
of marriage license, declarations regarding convictions for crime, 
legal certificates regarding mental defects and disorders, previous 
marriage, sterilisation and freedom from certain diseases should be 
exchanged between the parties concerned. 

8. Illegitimacy. -FnciVitws for obtaining allowances for such 
children by mothers should be more easy and less troublesome. 

9. Human Stocktaking.-- rho mental and physical qualities of the 
youth should be measured periodically to ascertain if the race is 
improving or deteriorating. 

10. Education. — \ll Universities to undertake research and higher 
education in regard to human racial questions. 

11. Immigration.— '^o alien immigrants shall be admitted who are 
likely to lower the racial qualities of the national stock. 

References.— A. B. C. of Genetics, The Science of ^i/’e by H. G. 
Wells ; C. P. Blacker, Journal of State Medicine, March, 1984 ; Castle, 
Heredity, Genetics and Eugenics ; Bast and Jones, Inin'eeding and 
Outbreeding ; PAigenics, Recent Advances in Preventive Medicine. 

The following personal factors conducive to good health 
may now be considered : — 

Habit . — Habit plays an important part in the preservation 
of health. It is readily formed, grows by practice, and 
eventually becomes a part and parcel of nature, making its 
eradication a matter of great difficulty. It is for this reason 
that habit is called second nature. The influence of habit 
in the formation of the character of individuals is known to 
all, but its influence on the physical and mental condition of 
men, particularly of children can never be over-estimated. 
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Indeed, it is productive of good and abortive of evil. This 
subject may bo discussed under the following heads, which 
are more or less influenced by habit : — 

(a) Eating and Drinking , — A regular habit witli regard to 
eating and drinking is essential for the preservation of 
health. Food, which must always be wholesome, should be 
properly masticated and eaten slowly. It is a bad habit to 
overload the stomach. Alcohol, as a rule, should be avoided 
and the very fact of craving for it is an indication of ill- 
health. 

The following points should be carefully attended to ; — 

1. Always wait for a true appetite. 

2. Select the food the appetite particularly craves for at 
the moment. 

3. Masticate well. 

4. Do not hastily swallow a mouthful, but let it be 
swallowed as it were by itself. 

5. Avoid serious reading during meals. 

(>. Agreeable society at meal times is advantageous. 

There are certain noteworthy dilterences between those 
wlio are beyond sixty and those who are in middle life as 
regards j)hysiology, pathology, tendencies to disease and 
vital resistance to it. This is particularly noticeable with 
regard to the two most important functions of animal life 
— eating and sleeping. Long ago Hippocrates declared 
in one of his aphorisms, ^‘The old stand fasting much 
better than those of middle age, and those of middle age 
much bettor than the young. Children are very easily hurt 
by lack of food.” This is the key-note of eating among the 
old. They need less food than in earlier years, and if they 
insist on eating as muMi as formerly they suffer for it. It 
is easy to understand the reason for this. They are not nearly 
as active as in middle life, and the heat processes within 
their body are much slower. Moderation in eating is of the 
first importance for the old. 

(b) Smoking. — Smoking is not essential and should be 
avoided by young persons. The hooka or hubble-bubble is a 
better way of smoking tobacco, as the smoke in passing 
through the water in the //ooto loses some of the nicotine and 
other injurious substances. Tobacco smoking has a soothing 
effect and gives to the smoker a peculiar feeling of pleasure. 
Excessive smoking or smoking for the first time, produces 
giddiness, sickness, a feeling of depression and muscular 
weakness. Apart from nicotine, the injurious effects of cigar- 
ette smoking are due to local irritation from the aldehydes 
formed during the combustion from ammonia produced from 
other nitrogenous substances during the course of smoking, 
as well as from small quantities of creosote and pyridin. 
Smoking sometimes affects the heart and inveterate smokers 
may be the victims of occasional fainting fits. The worst 
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habit is tobacco chewing*, for, even if the saliva be not swal- 
lowed, a great portion of the juice is absorbed. Nicotine 
often causes premature hardening of the arteries, leading to 
arterio-sclerosis and rise of blood-pressure. The habit of 
smoking should never be indulged in by any one below the 
age of twenty-one years. In any case the smoke should not 
be inhaled. 

Cancer of the lip and tongue, chronic sore-throat, 
disorder of digestion, impaired vision (toxic amblyopia), and 
nervous tremor are often ascribed to it. We would counsel 
those who have acquired the habit and will not relinquish it, 
to smoke the mildest tobacco — as seldom as possible — only 
after eating, and never in the morning, or not till after lunch ; 
or, what is still better, not till after the evening repast. 

(c) Sleep . — This is the only form of complete periodical 
rest of both body and mind. Alternate periods of rest and 
activity are common to all living beings. The necessity for 
sleep arises from the demand of certain nerve centres which 
undergo waste during the hours of activity. 

Sleep is really rest of the brain, but the spinal cord and 
the autonomic system never sleep. Like other forms of 
rest it varies in degree and may be very slight — mere 
drowsiness, or very profound — complete cessation of all the 
volitional functions. 

A mosquito net should ahvays be used during night. 
The net should be roomy and lofty, and whenever possible 
a fan may be fitted inside the net during summer months. 
Many people feel stuffy inside a net and avoid using it. 

The amount of sleep varies with age, occupation and 
habit. Eight hours sleep at one stretch should be taken by 
most people in the tropics. In the plains during the height 
of summer when the nights are sultry, it is difficult to obtain 
proper rest even under a fan. Late hours should be avoided. 

The amount of sleep required varies with : — 

(/) Af/c.— Infants sleep tlic greater part of fhe day, and 
the duration decreases as age advances; adults requiring 
about six hours’ sleep. The most important factor for the 
retention of health in ag^e is sleep. Those above sixty need 
more sleep than they did in middle life, or at least need to 
spend more of their time in a reclining position. It is not 
absolutely necessary that they should sleep all the time, but 
they ought to spend at least eight hours lying down w ith 
all portions of the body on about the same level, so as to 
save their hearts the necessity for pumping blood against 
the force of gravity. The saving of work for the heart by 
lying down is extremely favourable for old hearts. Besides, 
the old should lie down for some time about the middle of 
their working day. 

(ii) Sickness . debilitated and sick persons require 
more sleep and repose than healthy ones. 



PEESONAL HYGIENE 


343 


(fii) Occupation . — Persons engaged in brain work require 
more rest and sleep than those doing physical labour. 

To sleep immediately after meals is a bad practice. The 
bed should be firm and elastic, and exposed to the sun daily. 
The head should always rest on a pillow, and the body, 
except the head and face, may be covered with a sheet. 
The pernicious habit of a number of persons sleeping toge- 
ther in the same room and of covering the head and face 
during winter is partly responsible for the feeble and weak 
health of the peoj)le of this country. 

Mid-day Sleep . — “In India and other hot climates the 
tendency to indolence or lethargy is promoted by the heat, 
whether dry or moist, and more particularly by a hot, muggy, 
humid atmosphere, as in Calcutta, Dacca, or Bombay. To 
yield too much to this feeling, which only requires encourage- 
ment to degenerate into a confirmed habit, is injurious’’ is 
the opinion of Bir Joseph Fayrer. But it seems that a short 
nap, especially in the summer, particularly with those 
engaged in active Avork in the morning, is not only refresh- 
ing but invigorating. 

(d) Fastiny . — Fasting means complete abstinence from 
all kinds of food except water at specified hours. It is 
better to precede the fast with a preliminary purge by a 
dose of calomel or grey powder at night followed by some 
salt in the morning. A moderate fast should not extend 
over twenty-four hours. This causes no inconvenience 
except a desire for food at the usual meal times, which, 
however, soon disappears. The effect of fasting for longer 
periods is to cause the body to live on its own reserve and 
to use up the stored superlluous fat and the partially assi- 
milated material, at the same time to eliminate the effete 
materials accumulated in the body. During the fast violent 
exercise should be avoided, but ordinary daily avocations 
may be continued Avithout any discomfort. 

Fasting is a harmless and inexpensive method of keeping 
good health, and in certain metabolic diseases, e.g. diabetes 
and gout, it is a A^aluable therapeutic agent. 

(c) The Care of the Bowels.— One should cultivate the 
habit of evacuating the bowels every day at the same time, 
and failure to do this will result in chronic constipation. The 
most convenient hour is the morning before starting the 
day’s work. 

Constipation really is an evil of modern civilisation. 
Sedentary habits and want of proper exercise lead to 
weakening of both the intestinal and abdominal muscles 
resulting in stasis of the intestinal contents. Modern food 
contains less indigestible material to form the necessary 
“ballast” which mechanically stimulates peristalsis. Persons 
suffering from chronic constipation alAvays retain a certain 
amount of excremental material within their system which 
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undergoing decomposition generates oli'ensive gas. Con- 
gestion of the liver and production of toxaemia occur 
producing a deleterious effect on the general health. 
Headache, lassitude, lowered capacity for mental work have 
been ascribed to it. In old age it often causes more serious 
trouble. 

Eegulation of the diet and proper exercise will very often 
ijffect an improvement. The food should contain sufficient 
green leafy vegetables, fruits and salads. White dour 
should be avoided and replaced by whole-meal atta. 

Constitution. — Individual differences in constitution exist 
in different persons. Some are strong and robust, while 
others are feeble and weak. Moreover, resistance to disease 
varies with the constitution. A man with a strong robust 
constitution should be able to resist the attacks of disease. 
A weak constitution denotes a condition of the body which 
renders it liable to attacks of disease and when thus 
attacked is less able to offer a successful resistance. 

The constitution of a X)erson is partly acquired and 
])artly inherited, and a strong constitution may be enfeebled 
under unhygienic conditions, while a delicate one may 
improve under hygienic ones. 

Idiosyncrasy. — By this is meant a peculiar susceptibility 
of some |)ersons to be influenced by certain morbid agencies 
or medicinal x)reparations, e.r/. the ax>x)earance of nettle-rash 
with some as a result of taking shell-flsh. Food idiosyn- 
crasy is hereditary. Idiosyncrasy to disease is also seen. 
Thus the same cause produces different effects in different 
people. All persona exposed to cold do not suff er from the 
same trouble; some get sore-throat, others suff*er from cold 
in the head, a few from bronchitis, while some escape alto- 
gether. 

Ot.eat^linkss 

The most important condition of healthful growth and 
development is cleanliness. Cleanliness with regard to the 
food we eat, the air we breathe, and the water we drink, is 
essential for good health. In India cleansing of the skin 
is of immense value inasmuch as the amount of perspiration 
and excretion of solids are considerable. In fact, much of the 
work of the kidneys and lungs is performed by the skin 
in hot countries. The sweat glands which open on the 
surface of the skin help to relieve the body of a portion of 
the effete material. The sebaceous glands secrete an oily 
substance which acts as a natural pomade. If they are 
blocked up by dirt, not only is their action interfered with 
and extra work thrown on the lungs and kidneys, but they 
form favourable sites for the production or propagation of 
diseases of the skin. It is therefore of primary importance 
to see that the orifices of these glands are kept clean. 
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Certain parts of the body like the armpits give out an un- 
pleasant odour from their secretions and so require regular 
cleaning. Cleansing of the skin is best effected by soap 
and water. 

Soap. — When an oil or fatty acid, e.cj. palmitic, stearic, 
or oleic, is acted upon by an alkali (sodium or potassium 
salt) soap is produced, with glycerin as a by-product. Potash 
soaps are known as soft soaps, and they are highly deli- 
quescent ; while soda soa[)s arc called hard soaps. Excess 
of soda irritates the skin. 

In India inunction of the body with some bland oil before 
bathing is a very popular custom. The oils usually used 
are either the expressed oil of mustard or cocoanut oil, 
either plain or perfumed. The utility of such a practice is 
evident. It not only keeps the body cool, renders the skin 
soft and supple, and helps the introduction of a certain 
amount of fat, but entangles the dirt of the body and faci- 
litates its removal during bathing, especially when soap is 
used. Moreover, it facilitates shampooing or massaging of 
the body which may with advantage bo done just before a 
bath. By kneading and rubbing, the circulation is quick- 
ened and the muscles exercised, giving an exhilarating 
and refreshing feeling. 

Baths. — Baths arc necessary not only for cleanlinCwSS but 
also for their beiielicent action on the skin and internal 
organs. The sebaceous secretions of the skiji and the sweat 
require removal. This is best done by washing or bathing the 
body in water. Portions of the body which perspire most 
require frequent cleansing to prevent accumulation which 
produces unpleasant odours. A clean skin is less likely to 
be diseased than a dirty one. 

Baths may bo classiffed according to the temperature of 
the water, as follows : — 


Cold 

... 38^ to 

05" F, 

Cool 

ore to 

75" F. 

Teiiipenito ... 

75" to 

85" F 

Tepid 

. . . 85" to 

92" F. 

Warm 

92" to 

98" F, 

Hot 

... 98" to 

112" F. 


Warm Bath . — It has a stimulating action on the skin 
and refiexly excites the heart and circulation. As a cleans- 
ing agent, a warm bath, when used with soap, is the best. 
It increases the danger of chills if there is subsequent ex- 
posure, but this sensibility to cold may be obviated by a 
rapid cold sponging and then drying the body quickly. 

Cold Bath . — The first effect x)roduced by a cold bath is 
one of shock followed by contraction of the superficial 
blood vessels, but the vessels dilate very soon, giving the 
person a feeling of warmth and pleasure. Cold baths 
should be taken as quickly as possible and the body covered 
immediately afterwards. People living close to the sea, a 
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lake or a river, usually take ‘*pliiiige baths”; these are 
beneficial to the young and the healthy, and for those 
possessing the power of ready reaction. 

Baths should not be taken during a fast, or just after a 
full meal, or during exhaustion. The best time for taking 
a bath is the morning ; if taken at night it should, as a rule, 
be a warm one. 

The skin is a delicate organ, and when covered by cloth- 
ing becomes highly sensitive to thermic inlluences. Hence 
the people of India, who are accustomed to keep their body 
bare, rarely suffer from the effects of cold to the same 
extent as Europeans. Cold baths should be avoided by new- 
ly arrived Europeans for whom a warm bath with a tem- 
perature between 92-98<^F. is suitable. The temperature of 
the bath should first of all be such as can be borne without 
discomfort; then it should be gradually reduced, and in this 
way only sensitive skins may be brought to bear perfectly 
cold water. But the temperature of the water should 
always depend upon what is called the power of reaction, 
that is readjustment of the free cutaneous circulation 
without giving rise to any internal congestion. Sometimes, 
instead of that pleasant feeling of exhilaration, .vigour, and 
greater capacity for mental and physical work, the reaction 
is delayed and the vessels remain constricted, as evidenced 
by a sensation of fullness of the head and abdomen, faint- 
ness, and tight feeling over the chest and depression. 
Then the cold bath is unsuited and must be discontinued. 

Certain skin troubles are common in the tropics. Of 
these prickhj heat (lichen tropicus) is usually associated with 
excessive sweating during the hot months and disappears 
with the onset of the rains. Acton {Calcutta School of 
Tropical Medicine) believes that it is due to the infection 
of the sweat glands with Staphylococcus aureus and allms, 
and occurs when the temperature rises above 95° E. and 
with high humidity. Parts that are covered with several 
layers of damp clothing are usually affected. Itch, scabies 
and ringworm are affections usually found in persons with 
unclean habits and are common in children. The danger of 
contracting these diseases through servants should be kept 
in mind. 

Personal Cleanliness. — This involves attention to the 
skin, mouth, nails, hair, and other parts of the body. Clean- 
liness of the mouth is of special importance in the tropics. 
Pyorrhoea alveolaris is a common affection in hot countries 
and not infrequently results from neglect of dental hygiene. 
Perhaps it is a form of scurvy due to deficiency of vitamin C. 
The mouth should be kept perfectly clean and the teeth 
regularly attended to. Tomes gives the following directions 
for the proper management of the teeth : ‘^The teeth should 
be thoroughly cleaned at least twice a day with a brush of 
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only moderate hardness. Any place where the food habitually 
lodges, and whence it is not promptly removed is quite 
sure to decay sooner or later ; and on the other hand teeth 
rarely decay on a fully exposed surface. It will be seen, 
therefore, that most scrupulous cleanliness is the best of all 
preservatives for the teeth, and that the more delicate they 
are, the greater the need of frequent and thorough brushing 
—a thing which can hardly be overdone.’’ Dej> 08 its of 
tartar should receive attention, and the teeth require scaling 
or else the roots will become exposed and make the teeth 
loose. Children often suffer from caries due either to deff- 
ciency of vitamin D or to acid-forming bacteria formed 
when they take too much sweets, like barley sugar, which 
undergo fermentation. Quite a large number of children in 
India suffer from caries of the teeth. 

The tonQue should be cleansed by a tongue-cleaner every 
morning. The nails require to be kept clean and cut short, 
otherwise dirt Avill lodge under them and may carry infec- 
tion. The hair requires to be daily brushed and combed. 
The chief necessity for the hair is not so much daily ablution, 
for this may be carried to excess, but cleanliness. This is 
best done with soap and hot water, or yolk of egg, washing 
soda, or better still by the use of soap mdsohit} on (water 
prepared by steeping soap nut for a few hours). One should 
always practise to shave oneself and avoid a barber’s razor. 
In the same way the use of brushes, combs, clippers, etc., of 
other persons should be avoided. When travelling in out 
of the way places one may be compelled to have a barber. 
Always thoroughly wash in soap and hot water, or better 
still boik all the paraphernalia before use. New shaving 
brushes should bo soaked in 10 p.c. solution of formalin. 

Washing of the hands and face specially before taking 
meals is an important safeguard against the introduction 
of infective agents by contact. The laws of Mann enjoin 
that all persons should wash their moulh, clean their teeth 
and open theirbowels every morningbefore starting the day’s 
work. Since about 00 ]).c. of infections are carried to the 
body through the mouth with water, food, finger, dirt, etc., 
the importance of personal cleanliness and clean habits 
becomes at once apparent. Groins, armpits, round the waist 
where the dhoti is tied are places usually affected with ring- 
worm during hot weather. This is due to the fact that the 
parts remain moist through perspiration, where the cause of 
these troubles, a tropical fungus, readily grows. These parts 
require thorough cleansing at least twice a day followed by 
liberal application of some antiseptic powder. 

Similarly children often suffer from itch, which becomes 
infected with staphylococcus. This is very contagious and 
requires careful attention. 
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Cl.OTHING 

The principal objects of clothing are : — 

1. To afford protection to the body against heat and 
cold, and external injuries. 

2. To assist in the maintenance of bodily heat. 

3. For decency and personal decoration or ornamenta- 
tion (of lesser importance). 

The materials for dress should be such as Avill exercise 
no harmful effect on the skin directly in contact with it. 
Children and old peo])le are very susceptible to changes of 
temperature, and are more prone to suffer from congestion 
or inflammation of the internal organs. Particular care 
should therefore be taken in the matter of tlieir dress. 

The following points should be considered in the selec- 
tion of materials for dress : — 

1. The dress should in no way interfere witli the hecalthy 
action of the skin ; for this purpose porous materials which 
absorb moisture readily should be preferred. The use of flannel 
or gauze banians next to the skin lessens the liability to 
attacks of chill. Certain materials absorb heat and are non- 
conductors, others again reflect more. By a carefiil selection 
we can so regulate our clothing as to suit all climates and 
seasons. In cold weather the non-conducting properties will 
not permit the escape of the animal heat except in a very 
tardy manner, and during hot weather they will be slow to 
conduct heat to the skin from without. The greatest amount 
of heat will be retained by wool and the least by linen. 

It is of little consecpience whether the dress worn next 
to the skin is red, blue or white, as long as it will maintain 
the proper heat of the body. But colour makes a great deal 
of difference Avith regard to heat that acts upon the body 
from without. The same material will absorb different 
amounts of heat when dyed Avith different colours. Black 
absorbs the solar heat rays and white reflects them. 

2. All tight clothes should be avoided, as they interfere 
with circulation, respiration, digestion and the action of mus- 
cles. Abolition of tight stays and adoption of light garments 
have done away with anjeraia and chlorosis which Avere 
so common among English girls. Other things being equal, 
a loose dress is Avarmer than a tight-fttting one. In loose- 
fitting garments there is a stratum of air between tlie skin 
and the articles of dress which has an important influence on 
the bodily heat. Air is a bad conductor of heat, and here it 
acts in the same way as a sey^arate garment. Garters of 
every description should be condemned — they compress the 
superficial veins and give rise to a feeling of heaviness and 
may lead to the development of varicose veins. 

3. The warmth of the clothing should be distributed 
throughout the body uniformly. 
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4. All clothes should be light and warm, and their 
weight should be uniformly distributed. 

5. They should not have any irritating or poisonous 
effect on the skin. Certain clothes are coloured with 
poisonous dyes and the poison generally used is arsenic. 
Some materials again have an irritating or stimulating 
eflect on tlie skin, depending on its sensitiveness and the 
susceptibility of the individual. Some persons cannot wear 
woollen or flannel underwear ; but the body accommodates 
itself to a variety of circumstances, and a sensitive skin 
becomes very soon accustomed to the stimulation and ceases 
to respond to a rougli garment In India with a great drop 
of temperature at sundown it is always advisable to have 
warm wraps, and after violent exercise, a change of under- 
clothing. 

Matkuiai.s fok Clothing 

The materials used for clotliing are derived partly from 
the animal and partly from the vegetable kingdom. From 
the former is derived wool, silk, fur, leather, etc.; and from 
the latter-cotton, liemp, flax, etc. Of these, wool, silk, 
cotton, and flax are the most important and commonly used. 
These can be distinguished by their physical and micros- 
copical characters and by chemical reactions. 

Wool,— It is tlie natural covering of many animals. Its 
value depends upon the presence of oil and fat, and in the 
form of cloth it imprisons a certain amount of air between 
its interstices, thus preventing heat passing through it. It, 
therefore, forms a valuable garment in India during winter. 
Its hygroscopic property is of much value in the hygiene 
of clothing. 

During profuse perspiration, wool absorbs water and 
diffuses it through its meshes. This water undergoes eva- 
poration, but the cooling effect which might have been 
harmful to the body is directed towards the garments and is 
removed from the skin. As underclothing, therefore, woollen 
garments have great advantages, and of all materials they 
are best suited for varying circumstances of life. Wool is, as 
a rule, heavy and often irritates the skin when worn next to 
it. For the old, the delicate, the scrofulous and the rheu- 
matic, woollen underdress is especially beneficial. Woollen 
materials are less cleanly than cotton or linen ones, because 
they show less the outward signs of dirt, and shrink on 
washing. Woollen garments should be smooth and soft and 
the texture should be close. 

Fur dermatitis. — It is a form of blotchy erythema of the 
neck and lower face forming into widespread eczematous 
condition. This is due to the use of dyes not properly oxi- 
dised. The dyes used are paraphenylene-diamine and meta- 
phenylene-diamine. 
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Silk . — Silk is a kind of gelatinous secretion with which 
the silk- worm covers itself when about to change from the 
silk-worm to the moth stage. Tlie libres are about 
inch wide, having no scales or surface markings. It is a bad 
conductor of heat, less absorbent than wool, but better than 
cotton. It is soft, smooth, and gives a soothing feeling to 
the skin and is therefore the best material for underwear. 

Artificial Silk . — This is largely used nowadays for under- 
clothing of both men and women, stockings and other 
articles of clothing. It allows the ultra-violet rays of the 
sunlight to penetrate to the skin. 

Leather . — Leather is chiefly used for boots, but being 
very close and firm in its texture it forms an exceedingly 
warm covering, as it allows no air to i^enetrate through it. 
The skins of the ox, sheep, horse, and goat are generally 
used. It is impervious to moisture and therefore keeps the 
skin not only hot but clammy. The chief objection to its 
use is that it gets still' when dried after washing. 

Cotton is the downy hair enclosing the seeds of the differ- 
ent species of the plant gossypium. The libres are flat and 
ribbon-like, varying from r^ootb to y^^^othinch in thickness. 
Cotton has the advantage of being hard, durable and cheap. 
It absorbs odours readily, is warmer than linen, ahd does not 
shrink on washing. Its fibres are hard and it is inferior to 
wool as a warm clothing. It is mixed up with woollen mate- 
rials to increase durability and to prevent shrinking of the 
latter. It is a good conductor of heat and conveys to the 
skin the heat from without and allows the body to be 
rapidly influenced by the conditions of the external atmos- 
phere. But cotton materials, unlike woollen libres, have a 
very feeble hygroscopic property. 

Cellular cloth is made from cotton and the fibres are so 
woven as to leave cellular air interspaces in the texture. 
The enclosed air being a bad conductor lielps to retain the 
heat of the body. 

Linen . — This is made from the libres of the flax plant. It 
is a good conductor of heat like cotton, and a bad absorbent 
of moisture. It has no advantage over cotton as an article 
of clothing, but is stronger and more durable than cotton, 
and as it can be woven into lin^r materials it takes a higher 
finish. 

Cummerbund. — A chill in hot climates often leads to 
serious intestinal troubles in Europeans, and a flannel 
binder or a cholera belt should as a rule be worn, especially at 
night. It is rather difficult to keep a flannel binder in position, 
and a cholera belt is best for the purpose. A bed sheet or a 
blanket is often tossed off, and the abdomen is chilled by 
the draught of the punkah or fan which is often kept going 
the whole night. 

Socks or Stockings should always be worn with boots or 
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shoes, although the practice Avith most j)eop]e in India is to 
do without them. They should not be very tight or pointed 
at the extremity ; when too short they cramp the toes, and 
when too long, as often happens with children with the 
object of “allowance for growth,’’ a mass of superfluous 
material remains at the extremity of the boot. They should 
be washed or exposed to the sun daily as they smell badly 
from x)6rspiration. 

Boots and Shoes.— They should conform to the normal 
outline of the foot and should not squeeze or distort it, thus 
producing corns. The measurement of the foot should be 
taken Avheii resting on the ground and always over a thick 
pair of socks. It is better to have a size bigger than is 
actually necessary. The sole should be Ilexible ; a rigid 
sole destroys the main action of the foot in the act of walk- 
ing. The leather should be soft and pliable consistent with 
strength. Boots should be worn in preference to shoes to 
protect the ankles from the bites of mosquitoes. 

Clothing for Children.— The general principles already 
laid down apply equally to children ; but certain conditions 
render the dress of this i)eriod of life a matter for special 
consideration, mz . — 

(a) Infants require to be properly protected by clothing. 
Their clothing should be soft, light, warm and loose. The 
notion that by clothing children lightly and by exposing them 
at an early period to cold, they become accustomed to fluctua- 
tions of temperature and are “hardened,” is a delusion and is 
accountable for no small contribution to infant mortality. 

{h) The dress should be loose and free from constrictions. 

(c) Under no circumstances should the garments be tied 
tightly at the waist. ’ They should be light and in number 
consistent with the due protection of the body. 

(d) The body should be completely and evenly covered 
with clothing. 

ExEKCJvSE 

Exercise is necessary at all periods of life i)articularly 
during childhood and early manhood. It is essential for the 
different organs of the body to work easily and effectively. 
It is also necessary to excite the demand for oxygen required 
for utilisation of food and to promote the repair and forma- 
tion of tissues. It is extremely important for old age not 
to lapse into habits of inactivity ; there is a strong temptation 
for a man well on in years to give up walking to a great 
extent and to ride in carriages and sit in the house a great 
deal. What has been learnt about the heart in recent years 
shows that unless it gets a certain definite amount of ex- 
ercise it does not do its work as well as it otherwise would. 
In order to derive the full advantage from exercise it must 
be systematic and regular so that every muscle of the body 
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will share in it. For young people foot-ball, rowing, swimm- 
ing and tennis are quite good. Incidentally the habit of 
breathing through the nose with the mouth completely shut 
should be practised. Physiological exercises are useful in 
the following ways* : — 

1. To develop the weakly and to check overgrowth. 

2. To restore those convalescent, whether generally as 
from illness, or locally as from injury. 

3. To correct during youth various deformities. 

4. To relieve certain conditions — as debility and obesity. 

5. To relieve local conditions after certain lung diseases. 

6. To preserve the healthy tone of the body of those 
who by necessity or habit, virtue or vice, cannot do so in 
their ordinary life. 

7. To enable the body to counteract the baneful elfects 
of educational efforts focussed on the mind. 

8. As an educational measure for the mentally deficient. 

Effkot.s of Exkiiotse on Diffiouent Okoans 

1. Respiratory System. — During exercise the action of 
the lungs should be thoroughly free, and there should not 
be any impediment to the full play of the chest from the 
dress or any other cause. The pulmonary circulation is 
quickened, the amount of oxygen inspired and of carbon 
dioxide expired is greatly increased. It is obvious that 
increased output demands increased supply of food and fresh 
air. Alcohol diminishes the excretion of COq and should 
therefore be avoided during exercise. 

2. Circtilatory System. — Active exercise increases the 
force and frequency of the heart with acceleration of circu- 
lation, but this is followed by a period of depression. 

3. Muscular System. — The nutrition of the muscles is 
improved, which contributes to their growth and energy. It 
seems probable that muscles lose water during exercise. 

4. Cutaneous Exercise i)romotes the action of 

the skin. It leads to engorgement of the vessels with in- 
creased perspiration which in evaporating from the surface 
of the skin reduces and regulates the temperature. But 
during active exercise there is less danger of chill, as the 
loss is replaced by a rapid supply. The risk, however, 
increases after exercise, and therefore the surface of the body 
which was exposed during exercise requires to be covered 
and protected from undue loss of heat. 

5. Urinary System. — The excretion of urea is unaff*ected, 
but uric acid is increased. On account of the increased 
action of the skin the watery portion and the chlorides of 
the urine are diminished. 


Albutt’s System of Medicine, vol. (i). 
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6. Nervous Sijstem.— Man engaged in brain Avork must 
recreate themselves with active exercise which leads to 
better performance of mental work. 

AUmentary System . — The amount of fjcces passed is 
lessened, and by removing constij^ation it induces a regular 
action of the bowels. 

Effectsof Excessive Exercise.— Excessive exercise causes 
either nervous or muscular fatigue Mental fatigue is an im- 
portant factor particularly with the young, the weak, and 
the invalid. For those with a sedentary habit it is best to 
have recourse to graduated exercise Avhieh requires some 
effort of the mind and will in its execution. Riding, rowing, 
swimming, etc., may with advantage be undertaken by them. 
For neurasthenic people an oi)posite course demanding less 
nervous effort is necessary. 

After exercise the body should be washed or sponged, and 
since exercise increases elimination of water, salts, carbon, 
and nitrogen from the body it is essential that these should 
be replaced. Along with exercise, rest is equally necessary, 
and it is said that excessive exercise lowers the opsonic 
index even in perfectly healthy persons. 

Amount of Exercise Necessary.— It is rather difficult 
to determine even in the case of an average man the amount 
of exercise that should bo taken to maintain health. By 
‘^luit of work’^ is generally meant to be the quantity of 
work which is done in lifting one pound through a height 
of one foot ; this quantity of work is called one “foot- 
pound.” According to Parkes an ordinary day’s physical 
Avork for a healthy man is equivalent to raising 250 to 350 
tons one foot high ; this is a moderate amount, 400 tons 
being a heavy day’s Avork. The amount of muscular exercise 
involved in this may be easily known by remembering that 
a walk of 20 miles on a level road is equivalent to about 
353§ tons lifted one foot ; and that a walk of ten miles while 
carrying 60 lbs. is equivalent to 247^ tons lifted one foot 
(Haughton). 

It has been calculated that at an ordinary rate of three 
miles per hour, a man, Avalking along level ground, does 
work equivalent to raising his own weight, vertically, 
through g^jth the distance travelled ; or raises of his 

weight through the whole distance travelled. 

The fraction (or approximately, gV) spoken of as 
the co-efficient of fraction, and varies with the rate of Avalk- 
ing. At three miles per hour, on a level ground, it ^is 
equivalent to *2^59, at four miles = jr^, and at five miles 

To estimate the amount of work done by a man in walking 
the following formula is generally used : — 

Let W = Weight of the man in pounds. 

W' = Weight he carried. 

23 ' f- 
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D = Distance walked in feet. 

C = Co-efficient of traction. 

Then ^ x C = foot tons (2,240 is the number 

2240 

of pounds in a ton). 

The following rules should be observed with regard to 
exercise : — 

1. Exercise should be taken in the open air, repeated 
daily about the same hour, and never taken just after or 
before a meal. 

2. Every part of the body should share in the exercise. 

3. Exercise should be regular and systematic. 

4. Chills should be avoided after exercise. 

5. The amount of exercise should be regulated accord- 
ing to the age and physical develoi)ment of the person. 
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MENTAL HYGIENE 

While most people recognise the importance of Hygiene, 
there are many people who are still unaware that such a 
thing as mental hygiene exists. The term “Mental Hygiene’* 
was coined as a slogan by Dr. Adolf Meyers of Baltimore 
for the promotion of prophylactic psychiatry which was first 
started by Mr. Clifford W. Beers in the United States about 
thirty years ago. The origin of the movement lay in the 
experience of Mr. Beers while a patient for some years in 
several well-known mental hospitals in America. On re- 
covering his mental health, Mr. Beers published a remark- 
able book entitled “A Mind That Found Itself.” The book 
attracted so much attention that a number of persons joined 
with Mr. Beers to found an Association for Mental Hygiene 
which had for its object the reform of the organisation of 
mental hospitals and the protection of the insane. From 
the United States the movement spread over the whole 
world so that in May, 1930, the first International Congress 
for Mental Hygiene was held at Washington. Delegates 
from fifty-two nationalities attended the Congress. 

In July, 1937, the second International Congress on 
Mental Hygiene was held in Paris. 

From its original concern with the management of mental 
hospitals and the treatment of the insane, mental hygiene 
has come to embrace so many other aspects of our lives that 
it now includes a vast-social realm. Its activities begin with 
the pre-school child where its duties are to discover and 
point out to parents and guardians unfavourable predisposi- 
tions at an early stage, and to prepare methods of dealing 
with them beforehand both on the physiological and psycho- 
logical plane. This work is mainly carried out in what are 
termed Child Guidance Clinics. For this work women are 
particularly well fitted. They should not be too young nor 
too old. They need special qualities of temperament and 
character. They must be physically healthy and preferably 
of a superior social class. Their training must go hand in 
hand with practical experience since a too academic 
approach would be likely to lead to a rigid and theoretical 
outlook which would be quite unsuitable for work in the 
field of mental hygiene. The Child Guidance Clinic does 
not, of course, confine its activities to pre-school children. 
It is open for consultation by parents or teachers about 
child problems until adolescence is reached, for the teaching 
of how to maintain good and ‘positive’ mental health must 
begin in childhood. The establishment of wholesome habits 
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of mental health during the pre-school age is the duty of 
parents because it is in the well-ordered home that these 
can be inculcated with the best hopes of success. The State 
has also its duties in the education and training of the 
rising generation, for at school children’s characters take on 
their secondary formation. A knowledge of mental hygiene 
is therefore necessary to the school teacher to enable him 
or her to estimate the mental, emotional and nervous forces 
behind the behaviour of each child. The guidance of mental 
hygiene is also of importance during the period of puberty 
and adolescence. The dawning realisation of the graver 
responsibilities of life, the lighting up of new ambitions, 
strange and deep emotions and impulses at this time often 
engenders anxiety and a loss of courage and a reluctance to 
face realities. Belief from such tension is sought in vagaries 
of conduct, strange moods, day-dreaming and aloofness, too 
often the prelude of a mental breakdown. School teacliers 
should be keenly alive to the Manger signs’ of mental and 
nervous troubles, and take- measures accordingly, for it is 
the breakdowns in youth and early adolescence that fill a 
big proportion of the mental hospital beds. 

Workers in Child Guidance Clinics undertake two other 
important tests of mental hygiene, namely Vocational 
Guidance and technical assistance in Children’s Courts. 

Vocational guidance, i.e. the testing of young persons of 
both sexes in respect to their aj)titude for a vocation, is now 
a fairly well established branch of mental hygiene, albeit 
the procedure adopted is still only tentative and will need 
considerable modilications and additions as experience brings 
fresh factors into notice. 

The presence of a psychiatrist in Children’s Courts (wher- 
ever they exist) is now recognised to be essential. Juvenile 
delinquency, associated or otherwise with mental deficiency, 
is a feature of mental hygiene to which much serious study 
has been given both in Europe and in the United States to 
which the work of Dr. Cyril Burt in England and Dr. William 
Healy in America bears testimony. 

As regards mental deficiency, i.e. feeble-mindedness, 
mental hygiene organisations have done much to increase 
our knowledge as how best to deal with these waste-products. 
We know now that systematic training and socialisation 
can convert the feeble-minded into useful and orderly 
citizens. 

The increase in our knowledge of the human mind, in 
health and in disease, that has accrued through the activities 
of mental hygiene organisations the world over, has had a 
very profound and highly beneficial effect on the curricula 
of Medical Schools and Colleges. In 1935 the British 
Medical Association published its report on Medical Educa- 
tion wherein the Association stressed the importance of 
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making psychological medicine an integral part of the 
medical students’ training. The recognition of the signi- 
hcance of psychological medicine in the ciiiTiciilum of a 
student of medicine will, in due course, establish that wide 
outlook on health which was the basis of the teaching of 
Hippocrates that in disease there can be no disassociation of 
the physical aspects from the mental aspects, an attitude 
towards disease which Avas e[)itomised by the great French 
physician. Trousseau, when he taught there are no diseases 
but only diseased persons.” The knowledge derived from 
a sustained observation of the mind in health and disease 
must inevitably compel a doctor of the future to regard a 
patient as a biological whole so that the success of the 
patient’s treatment depends, beyond dispute, upon a proper 
appreciation of the psychological reactions upon his physical 
make-up. 

If the public know more about the danger signals of 
approaching mental breakdown and psychiatric assistance 
was not delayed in such cases, Avhat tragedies might be 
avoided ! 

Illness of the mind should be regarded as an illness like 
other illnesses. The key-note of the future must be preven- 
tion and treatment. There is no clear demarcation between 
mental and physical illness. There are many eases of illness 
in which it is a question of whether the physical or mental 
symptoms predominate. There is no detinite line between 
the sane and the insane. It is a matter of degree. The 
degrees of mental instability are inlinite. I he number of 
persons who could avoid certiheation altogether would be in- 
creased if greater facilities existed for those who are willing 
to submit themselves to treatment. Hence the necessity 
of making provision in connection with existing institutions, 
or by the provision of new institutions for the treatment of 
mental disease from the very earliest moment of the appear- 
ance of its symptoms. 

To facilitate this aspect of public health the institution 
of a psychopathic clinic is generally recognised to-day as an 
essential feature of all large hospitals and medical schools. 

Serious gaps still exist in our knowledge of the funda- 
mental causes and the details of certain mental disorders, 
above all those of childhood. A knowledge of causation is 
essential if we are to attempt prevention. The classical 
researches of the great French authorities on psychiatry 
during the last century have stressed the importance of 
tainted heredity. The work of Mendel, followed up by that 
of Eudin and his pupils, has greatly enlarged our knowledge 
of the hereditary transmission of mental disorder and defect. 
We have learned that certain forms of mental disorder are 
transmitted as dominant qualities, notably the manic- 
depressive psychoses, Huntington’s chorea, and probably 



358 


HYGIENE AND PUBLIC HEALTH 


certain forms of constitutional psychopathy, whereas certain 
other well-known forms, such as schizophrenia, epilepsy, 
most forms of mental defect and certain forms of constitu- 
tional psychopathy showed the recessive type of hereditary 
transmission. The complexity of the problem is increased 
by the fact that it is necessary to have two, three, or several 
pathological hereditary factors present in order that mental 
disorder should manifest itself in most cases. This is par- 
ticularly true in the case of the manic-depressive psychoses, 
schizophrenia, oligophrenia, as well as for certain constitu- 
tional psychopathies. Moreover, it would appear that the 
mere presence of hereditary factors, which suffice in one case 
to produce a mental disorder, is not sufficient in another 
case. The Mendelian laws in their simplest forms do not 
appear to operate, for the most part, in the case of human 
beings. For example, it is a fact, that the children of two 
manic-depressive parents, or of two schizophrenics, do not 
always themselves become ill. 

Eosearches on uniovular twins have provided interesting 
information on this point. In the majority of cases the 
disorders of inheritance affected such twins similarly, but 
there is a percentage who remained normal, or who presen- 
ted mental abnormalities different from that of the other 
twin. It would appear, then, that apart from hereditary 
factors there must be a conjunction of other pathogenic 
factors, both endogenous and exogenous. 

Controversy still prevails on the possibility of hereditary 
transmission of the so-called blastophthoric lesions, that is 
to say, damage to the germ-plasm of the child produced by 
the toxins of alcoholism and syphilis conveyed through the 
parents. In the case of the first generation, these are 
obviously only acquired lesions. They can only be considered 
as hereditarily transmitted if they appeared in the second 
generation, and this has never been proved so far, either 
from clinical observation or from experiments on animals. 
There has been a tendency to consider that the exogenous 
causes of the various forms of mental disorder are prepon- 
derant, but there is much important evidence to vshow that 
these causes frequently do not appear to operate unless 
there is a constitutional and frequently inherited predisposi- 
tion. There is also the question of a relationship between 
certain temperamental tendencies and certain psychoses and 
neuroses, such as the manic-depressive psychoses, schizo- 
phrenia, epilepsy, etc. ; for example, the schizoid and 
epileptoid temperamental types. Such people are frequently 
found in families where there are also frank psychotics. 

The above considerations have an important bearing 
upon the problem of sterilisation and prophylaxis generally. 
As regards the latter, further researches are needed in 
normal psychology and into the development of character. 
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To bring about true prevention it will be necessary to give 
due value to the innate disposition of the individual as well 
as to the psychological and environmental influences. 

To bring to the understanding of the medical and lay 
public the immense potentialities of mental hygiene, specia- 
lised propaganda is required. We should begin in the 
schools with the education of teachers psychological investi- 
gations including testing of intelligence and so forth. 

In medical curricula the instruction in the recognition 
of nervous and mental disorder should be imparted to nurses 
as well as to medical students. 

Factories of every sort offer a great field for educating 
employers to appreciate the necessity for organising facili- 
ties for mental as well as for physical health so that they 
may organise the work in accordance with the principles of 
mental and physical hygiene. In France the Mental Hygiene 
League has persuaded some of the big Transport Companies 
to institute psycho-technical laboratories to supply data as 
to the mental and physical suitability of employees who 
were carrying out duties that involved public safety. 

In prisons and penal institutions generally, there is a 
fine field for research. Prison oflGicials should invariably 
receive instruction to enable them to recognise and report 
on mental abnormalities among prisoners. The mental state 
of all prisoners, and, above all, of discharged prisoners, 
should be studied individually with the view to their rehabi- 
litation to normal life. 

That a widespread prosecution of mental hygiene and 
prophylaxis will in time add greatly to the health and 
happiness of mankind, no one acquainted with what has been 
done already can for an instant doubt. It remains for the 
rising generation of parents, teachers, psychologists, 
psychiatrists and public welfare workers generally to leave 
no stone unturned to instruct their fellow men and women 
in the potentialities of this branch of mental science. 



CHAPTEE XVII 

MENTAL HYGIENE AND MENTAL DISORDERS 

WHxVT is MkntaTx Hygiene 

MenTxVL Hygiene deals with the conditions and laws of 
mental health. It is both a science and an art. As a science 
it represents a systematised mass of knowledge which it 
derives from researches in widely divergent subjects like 
Psychology, Psychiatry, Medicine, Biology, Sociology, Child- 
study and Education. As an art it has a threefold aim 
before it, viz. (1) it tries to understand and cure the different 
types of mental disorders and defects ; (2) it attempts to 
prevent, or at least to minimise, the occurrence of these 
disorders and defects in the growing generation ; (3) it also 
aims at conserving and improving the mental health of the 
individual and the community. It is obvious that mental 
hygiene touches many aspects of practical human life. The 
increase in the complexity of the conditions of modern life 
has made mental hygiene an urgent social problem. 

For want of an adequate provision of teaching of mental 
hygiene in the medical course, the general practitioner is at 
present more or less indifferent to the problems of mental 
health. It is being increasingly felt, however, that this in- 
difference is unjustiffable and that he can make himself very 
much more useful in his work of social service by appreciat- 
ing the mental hygiene point of view and by applying it in 
his profession. It is a common experience that physical 
ailments usually have marked mental effects and that mental 
disorders are in many cases attended by obstinate and 
chronic physical maladies. 

While an understanding of the principles of mental 
hygiene by the general practitioner is desirable, a careful 
practice of these principles demands specialisation. He must 
have, however, sufficient knowledge of and insight into these 
principles so as to detect features in his patient’s behaviour 
or in his social surroundings which require to be tackled from 
the mental hygiene side, as also to give him proper advice 
on the requisite method of treatment and upbringing. For 
this he should acquire a general knowledge of psychology 
and some ideas about the sound principles of education, in 
addition to attending to a course in psychological medicine 
or psychiatry. He should also attend for some time a Psycho- 
logical Clinic or an Observation ward for mental patients 
and note what are specially important to observe from the 
point of view of mental hygiene. Above all, it is necessary 
for him to change his general outlook with regard to troubles 
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of the mind. Brain lesion, gross or microscopic, there may 
be behind these troubles ; but the supposition of these lesions 
does not Jielp us very much in many cases. In fact, we know 
at present more about the mental factors behind the troubles 
than about the lesions. 

Causes of Mentae Disohders 

Theory and practice of medicine seem to have so long 
proceeded on the assumption that mental disorders are 
organic in origin and, therefore, the correct line of approach 
should consist in the search for structural changes or chemical 
disturbances. There is no doubt that some mental disorders 
are of organic origin and that in some others the organic 
factor plays a part. But there is no evidence to prove that 
all cases of mental disorder involve and are due to organic 
causes. The extreme view about the organie character of 
mental disorders seems to be due to the fact that there was 
no direct and systematic study of these disorders by the 
medical world until recently. When, however, such a study 
was begun, the old organic theory had very soon to give 
place to some psychological explanation. There are at 
present a number of psychological theories about mental 
disorders. Most of them are ready to accept the organic 
factor wherever its presence is demonstrated. Another 
characteristic of these psychological theories is that they are 
more or less disposed to give some weight to the factor of 
heredity as one of the causes in the genesis of disorders. 
On their positive side, these theories are concerned in 
explaining the mental mechanism behind the symptoms of 
the disorders. From the psychological standpoint there 
may be a threefold origin of mental disorders, viz . — 

1. Fhifsical Causes . — These may be of the nature of 
brain lesions, or disturbances of brain function by chemical 
changes. It is, however, not yet settled if the x^hysical 
changes are the cause or the effects of pathological mental 
changes. A physical basis of all kinds of mental disorders 
has not yet been proved. 

2. Heredity . — Some mental defects like mental deficiency 
and some mental diseases like manic-depressive insanity 
are known to be inherited. More careful work in recent 
years indicate that it supplies rather a fertile soil for the 
growth of such disorders and cannot alone give rise to them 
without the help of suitable environment. In the case of 
more common mental disorders known as psychoneuroses, or 
more shortly, neuroses, e.g. hysteria, obsessions, anxiety 
states, heredity provides only a predisposition which may 
come to nothing if the environment is not definitely bad. 

3. Psychic Causes , — An understanding of the disorder is 
possible in terms of developmental history of the individual 
concerned. Whenever such a history is complete or near to 
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complete, one gets an idea of the mental mechanism behind 
the disease. The mind in such cases appears not to have 
worked as it normally does. It is usually seen that the 
balance or harmonious relation between the different con- 
stituent parts of the mind is disturbed. 

A brief account of the more important theories of dis- 
orders from the psychological point of view is given below. 
These fall into three classes according as the author of the 
theory is a Psychiatrist, or a Psychoanalyst, or an academic 
Psychologist. But before dealing with the theories, it is 
necessary to distinguish between different types of mental 
disorders. 


Types of Mental Disokders 

Four major types of mental disorders or abnormalities 
can be distinguished in addition to the Toxic and Traumatic 
types. (These last two are not discussed here for the reason 
that they are known to the average student of medicine). 

1. Mental Diseases or Psychoses. — Cases of dementia 
prsecox, paranoia with tenacious delusional systems, manic- 
depressive insanity come under this group. These are grave 
and progressive disorders which seldom escape notice. It 
is the whole mind that is affected in this type. The sense of 
reality is gradually lost and there is little insight on the 
part of the patient himself about his diseased state. Most 
of the hospital cases are psychotic. Some psychotic patients 
are apt to get violent. Some gradually become shut-up in 
themselves and would have nothing to do with the outer 
world. They have sometimes to be forcibly fed. Some 
psychotics become better with change of surroundings. The 
earlier they are sent to a mental hospital, the better. 

2. Mental Deficiency, — This type of disorder is really a 
case of defect of intellectual ability. Intelligence is a 
general power which colours all the specific applications of 
the mind to concrete situations of life and it is inherited. 
Mental deficients have subnormal intelligence and, therefore, 
not only they develop at a slower rate, but also their mental 
growth ceases at a much earlier stage. Different grades of 
mental deficiency are recognised. The lowest grade is Idiot, 
who is incapable of protecting himself from the common 
dangers of life. Next comes the Imbecile. He is incapable 
of learning, though he can form very simple habits like feed- 
ing himself, or sweeping the floor. His mental range may 
vary from 3 years to 7 years’ mental development of normal 
children. The highest grade is the Moron or Feeble-minded. 
He is capable of education up to a certain point but usually 
gets stuck in class vi or vii. He is incapable of managing 
himself and looking to his own interests in the face of 
competition. Education along special lines and manual train- 
ing are suitable for him. Under proper guidance he can earn 
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his livelihood in industrial occupations involving simple 
skill. It is rather easy to say whether a child or a 
man is an idiot or an imbecile, but it is very difficult to 
diagnose with certainty a case of moron. A number of mental 
tests are now available and the results of these tests should 
be taken into account along with other criteria. Some tests 
are suitable for literate children and some others again for 
illiterate children. Binet-Simon tests or Terman’s adaptation 
of Binet-Simon tests may be taken as good representative 
of the former type, and Healy-Fernald or Pintner ^‘Perform- 
ance’" tests of the latter type. 

3. Minor Mental Diseases or Psychoneuroses , — These 
are really cases of maladjustment to one^s conditions of life. 
These usually pass unnoticed, or if attention is forcibly 
drawn to them, they are passed off as queer. There are, 
however, a very large number of persons in society who 
suffer from maladjustments. The more serious cases under 
this type present typical symptoms and have been recently 
given special names, c. g. hysterics or obsession neurotics. 
The psychoneurotic is not out of touch with his reality like 
the psychotic. Understanding his trouble to be mental, 
he always tries to be normal. It is not the whole mind or 
personality that is affected in his case. It is only some part 
of it that has broken loose and gone out of control of the 
conscious mind. Cases of psychoneuroses are very common 
and the maladjustments in their lives are not only responsible 
for much inefficiency but also give rise to much mental 
suffering. Many psychoneurotics are persons with marked 
abilities in the field of intellect and emotion, but these are 
rendered futile on account of internal conflict. In more serious 
cases psychological -methods of treatment should be recom- 
mended. But in milder types of maladjustments sympathe- 
tic behaviour from, and open talk with, one who approaches 
him from the mental hygiene outlook go a long way to relieve 
his distress and to put him sometimes on the right path. 

4. Delinquency . — Under the influence of psychology 
modern society is disposed to look upon it more as a mental 
disorder than as a deliberate act of human will. It is a 
special type of maladjustment to the social condition of life 
and it requires understanding more than punishment. The 
criminal conduct rises out of a history of mental develop- 
ment which should be investigated in the same manner as 
one tries to understand the symptoms of a mental disease. 
When we are able to fit the crime in this history, we find 
that it is a reaction to some social situation of unbearble 
stress or strain. Criminal conduct is in many cases a 
method of escape from mental conflict just in the same way 
as a neurotic is. Placed in the same kind of situation one 
develops neuroses and the other becomes hostile to society. 
If by our dealings and words we can help them in resuming 
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the healthy or normal line of progress through life, we can 
reclaim both of them as useful members of tlie society. 

In view of the wide difference of characteristics, all the 
four types of mental disorder cannot be explained by a single 
psychological theory. Mental deficiency obviously stands 
apart from the three others and has to be ascribed to failure 
of normal growth of the mind or of the brain. The other 
three types can be broadly put together in a class, as all 
of them involve some kind of mental conflict. The ])sycho- 
logical theories, however, have been primarily based upon 
the study of minor diseases or psychoneuroses, si)ecial]y 
upon the study of hysteria. In recent years attempt has 
been made to extend these theories to delinquency and 
major psychoses. 

PSYCHOLOaiOAL THKORIKS 

1. Psychiatric School. — This school is ready to give 
more weight to the factor of heredity and to organic brain 
derangement than the psychoanalytical school (see infra). 
Janet may be taken as a representative of this school. 

According to Janet, the diff'erent parts of the normal 
mind act together or in association. It is, in other words, 
integrated. Disorder consists in dissociation or splitting 
up of the mind. He recognises two types of dissociation : — 
(1) Alolar, as in hysteria. Here tlie mental integration is 
imperfect. The mind works in parts or isolated groups of 
elements instead of as a whole. When one part is in control 
of the conscious personality, the dissociated part is un- 
conscious. Somnambulism (slee]) walking) is an instance 
of hysteria. (2) Molecular^ as in obsessions and anxiety 
states, etc. Here the associative relation between the 
elements of the mind is generally loose. There is a general 
lowering of the psychologicfil tension^ When a demand for 
adaptation to reality comes, the patient develops symptoms 
of inadequacy, such as anxiety, doubt, indecision. Both 
the types of dissociation may be partly hereditary and 
partly acquired. The patient may be helped to readjust 
himself to reality by a psychological method of tracing the 
split-up part of the mind to its origin and thereby helping 
the process of integration. 

2. Psychoanalytical School.— Freud is the founder of 
Psychoanalysis. He suddenly discovered one day that 
by ^talking out the mind’ the hysteric patient feels great 
relief and may even rid herself of her symptom. This in 
gradual stages led to his theory of the “Unconscious” and 
“Psychoanalysis”. 

According to Freud, neuroses like hysteria, obsessions, 
some forms of anxiety attacks, etc., arise as the result of an 
inner mental conflict in which some strong infantile sex- 
impulse is opposed by that part of the mind which is con- 
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trolled by the conscious Ego. He calls this process of 
active opposition ^repression'. The neurotic symptom is a 
compromise by which both the opposing tendencies of the 
mind are indirectly expressed and gratified. Every hysteri- 
cal symptom in this sense has a double significance. It 
represents infantile sex gratification in disguise and at the 
same time some form of punishment or self-denial. The 
inner conflict is sought to be resolved in a way that is not 
supported by reality and that involves suffering. 

Proceeding on the analysis of his patients, Freud 
adv^ances a complete theory of the mind which in many points 
markedly differs from the ordinary view of human nature. 
He believes that there are three layers of mental activity : — 
(1) Consciotis, about which we are directly aware. (2) Pre- 
conscious, the contents of which we can be aware of with 
ordinary effort of memory. (3) Unconscious, the contents of 
which we cannot be aware of except by special methods as, 
for instance, free association, dreams, hypnotism. Psycho- 
analysis has to do with the unconscious. It consists mostly 
of repressed tendencies and ideas of childhood. These are 
sexual in nature and become repressed as they come in 
conflict with cultural tendencies of man. Freud uses the 
word ffibido' to denote the energy behind the different 
manifestations of the sex-instinct. According to him, libido 
and culture are in mutual conflict. 

Freud gives a very wide meaning to the term ^sex'. It 
includes not only all forms of love and affection but such 
acts as vsucking and defsecation. According to him, the 
nutritional instinct and sex instinct are gratified by the 
same physiological process in the beginning. Pleasure 
seeking is perhaps tjie most general characteristic of sex ac- 
tivities. On the basis of his analysis he gives us an account 
of the stages of development of the sex-instinct. In neurotics 
the development is not normal and the last stage of maturity 
is not reached, but there is a strong tendency to linger 
on an earlier or infantile stage. This attachment to an 
earlier stage is called ^fixation' and its nature determines 
the type of neurosis from which a patient suffers. The 
first stage is the ‘auto-erotic stage' in which the child gets 
pleasure from, and loves, parts of his own body. Towards 
the end of this stage we find beginning of ‘object-love' and 
the first object of love is usually the mother. This phase is 
attended by conflict with father and jealousy for other 
children. This tendency to have the mother and to get rid 
of rivals in love like father has been named ‘(Edipus complex' 
by Freud. Once formed, it gives rise to an intense emo- 
tional conflict in the mind and the normal child wants to 
escape from it as well as from the guilt sense accompanying 
it by repressing the sex cravings altogether. Thus begins 
what has been described as the ‘latency period' during which 
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the child believes himself to be and also behaves as a ‘good^ 
boy or girl. This is the period of educability and sublimation. 
The third stage begins with sudden changes of puberty. 
When after 4 or 5 years the temporary phases of pubertal 
growth are successfully passed through, we get maturity of 
sex-instinct. According to Freud, really normal and mature 
personality is possible only if the sex-instinct has a normal 
and healthy course of development. 

Preud^s account of the ways in which mental conflict 
may be resolved is very interesting and instructive. We 
may refer here to some of them. 

1. Neuroses . — How the neurotic symptom serves as a 
compromise between the repressing forces on the one hand 
and the repressed, but active, tendencies on the other, has 
already been stated. 

2. Sublimation . — By it the energy of the original sexual 
impulse is deflected into some non-sexual and socially 
approved channel. Normal character depends upon the 
success of sublimation. Neuroses may be said to involve 
failure of this process. Freud would regard maternal 
affection as a case of sublimation. 

3. Reaction-formation . — Sometimes when the repressed 
impulse is very strong the mind seeks to oppose it by 
specially emphasising the tendency or idea opposite to it. 
It is like putting up a high dam against surging flood. 
Many of our character-traits are of the nature of reaction 
formations. We conceal our nervousness under a habit of 
over bold behaviour. In obsession neuroses also we find this 
mechanism very much in prominence. 

4. Projection . — By it impulses and ideas of one’s own 
mind are attributed to other without recognising them in 
oneself. We see our own unpalatable faults in others. 
Projection plays a very important part in the symptoms of 
psychosis like paranoia. It is responsible for the hallu- 
cinations and delusions common in these diseases. In 
identification, on the other hand, we attribute to ourselves 
what we do not really have but which others have. We 
enjoy our novels because of identification. 

5. Symbolism . — By it a sexual idea of the unconscious 
is represented in the conscious mind by the idea of an 
ordinary object. Thus umbrella or serpent may stand for 
the male sexual organ, a house for the human body, and king 
for father. Symbols are common in dreams, 

Freudian theory of neuroses is based on actual analysis 
of neurotic patients. It is a prolonged process and involves 
complex technique of special nature. The usual procedure 
consists in (1) free associations, and (2) dream analysis of 
the patient. These two give indications of the specific 
nature of the repression in his mind. Cure is affected when 
with the help of the ^interpretations* given by the psycho- 
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analyst, the patient is able to consciously realise what have 
been lying so long repressed in his unconscious and to apply 
the critical judgement of his conscious adult mind on these 
repressed materials. The pathological element in the 
neurotic is the unconscious and infantile character of the 
repressed tendencies and of ideas connected with them. By 
making them conscious we remove the repression and also 
help the process of bringing them under control. One 
important mechanism of cure, i.e. 'transference/ has yet to 
be mentioned. This refers to the emotional relation be- 
tween the analyst and the patient. The latter transfers to 
the former during the process of treatment the same emo- 
tional attitude in his unconscious mind as he had entertained 
in his childhood with regard to his parents. A careful 
and proper use of the 'transference’ relation is of great 
importance for the success of the treatment. 

There are two other outstanding names in psychoanalysis 
besides Freud, viz, Jung and Adler. They began as adherents 
of Freud, but later differed from him and founded new 
schools of psychoanalysis. Freudian psychoanalysis con- 
tinues however to be the main and orthodox school. 

Jung’s views tend towards philosophy and it is not 
always easy to follow him. He uses the word Mibido’ in the 
sense of life-energy and is not prepared to believe with 
Freud that sex provides the prime motive in our life. His 
idea about the origin of neuroses differs from that of Freud. 
According to the latter, it is fixation to the past or infantile 
form of sex-activity that is the real cause ; according to the 
former, when the libido meets with difficulty in adaptation 
to reality, it 'regresses’ to the infantile mode of mental 
activity in which phantasy is predominant. Neuroses is a 
case of flight from reality or fact to make-believe. The 
CEdipus complex that is found in the analysis of neurotics 
is not a normal phenomenon as Freud supposes, but is the 
product of regressive phantasy. 

Jung is very well known for his theory of types. He 
says that men are divisible into two types, viz. (1) Exiraverts. 
These are persons whose libido or interest is directed 
outside themselves. They are men of action, sociable and 
objective in outlook. Morbid forms of extraversion are 
found in cases of hysteria and mania. (2) Introverts . — 
These are persons whose main interest lies in themselves, 
their own ideas, feelings and phantasies. These are men 
of thought. At the least difficulty they retire unto their 
thought world, and prefer to fight their battle. of life within 
it. The extreme forms of this type are met with in dementia 
prsBCOx and paranoia patients. 

Jung enlarges the conception of Freud's unconscious, 
so as to include not only infantile repressed contents but 
also what he calls the contents of the collective unconscious. 
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The latter stands for tliou;^hts and phantasies of primitive 
men which we have inherited through our biological con- 
tinuity with them. In dreams the collective unconscious 
comes to expression along with other materials, and tries 
to restore balance against the one-sidedness of our con- 
scious mind. 

Adler builds his theory on the idea of compensation. 
We know that the weakness of a physical organ may lead 
to compensatory developments. Adler believes that similarly 
a psychic feeling of inferiority or inadequacy in our mind 
starts a process of compensation and leads to the devolop- 
ment of traits that would overcome such feelings. These 
may be based on actual organ inferiority or an imagined 
inferiority. If the compensation is within bounds and 
successful we have normal character. If it is carried too 
far and is unsuccessful it forms the basis of mental diseases. 
It may be noted that Adler considers the impulse for power 
to be the governing motive of human life. Stable and 
healthy compensation is the ideal which treatment of neu- 
roses as well as education should have before them. 

3. Psychological School. — In recent years attempts 
have been made by the Behaviourists to explaui the neurotic 
symptoms by the principle of conditioned reflex. For illustra- 
tion, we can take here their explanation of claustrophobia 
(fear of closed space). An otherwise couragous man has 
terrible anxiety when passing through tunnels or waiting in 
a closed room. On investigation it is found that in his 
childhood he had one day a very trying experience in a 
narrow passage with a barking dog in front of him. It is 
easily imaginable that the boy had an intense emotion of 
fear at the time. The dog was of course the proper stimulus 
for it. Behaviourists say that the situation of closed space 
acquired the property of arousing intense fear in later life 
in the same way as Pavlovas dog has his salivary reflex 
conditioned to the bell. This explanation of neuroses by 
conditioned reflex appears to be a simple one, but it is doubt- 
ful whether it can account for the unconscious nature of 
the symptoms and explain all types of neurotic symptoms. 

Criteria of Mental Health 

In order to apply mental hygiene in practical life, one 
should have some idea of the signs of mental health. The 
belief that the normal and the abnormal are quite distinct 
from each other is fast disappearing and we believe at 
present that the difference between the two is one of degree 
only. All the traits of the abnormal are present more or 
less in the normal. It is some trait of the normal that 
appears in an exaggerated form in the abnormal and con- 
stitutes the picture of the disease. We shall have, there- 
fore, to seek some indirect criteria for our guidance. 
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A physically healthy man (1) has no need to consciously 
worry about his health, (2) enjoys a sense of general well- 
being, (3) has all his organs efficiently working not only in 
themselves but also in mutual relation. All these general 
characteristics of health are also applicable in the sphere of 
the mind. The different constituent parts of the mind or 
personality should work efficiently and in just proportion so 
that the organism may face its life-work successfully 
and happily. Man is a social animal and his mind has fre- 
quently to act in social environment. Harmonious relation 
of the organism with the society is another important sign 
of health. A certain amount of emotional stability of a 
pleasurable type is an index of this harmonious relation. 
One of the peculiarities of the mind is that it is progressive. 
The more it is applied, the more it grows efficient. In cases 
of mental ill-health there is regression to an earlier mode 
of activity. For lack of opportunities the mental progress 
of many is retarded in modern conditions of life. We cannot 
therefore insist on this criterion in all cases; but there is no 
doubt that regression to an earlier characteristic is a sign 
of mental unhealthiness. 

There cannot be any absolute standard of mental health 
applicable to all individuals. What may be healthy for 
one may be positively unhealthy for another. Standard of 
health is relative. Each man has to be judged according 
to his natural or inherited capacities and limitations, along 
with the external conditions of his life. This means a 
careful and sympathetic understanding of the individual in 
all his aspects, physical, mental, and social. We shall have 
to enquire into his family history, his biological history, 
his physical constitution, his educational history. We shall 
have to observe him in order to understand his emotional 
and social peculiarities. We shall have also to be sure of 
our opinions by scientific measurement of his mental traits 
by means of psychological tests. Our opinion on the 
individuaks mental health needs should be based on all 
these as well as on the nature of the life situation he has to 
face. 

Preventive Mental Hygiene 

Of all the problems of mental hygiene that of prevention 
is the most important. But the preventive work on any 
large scale must be a slow process. It would depend upon 
better education, better upbringing of children, better home 
conditions, and better social surroundings and outlook. In 
individual cases, however, early signs of possible mental ill- 
health may be noted and something may be done to prevent 
it from developing into serious maladjustment or disease. 

A few general hints about the preventive aspect of 
mental hygiene are given here. 

24 



370 HYGIENE AND PUBLIC HEALTH 

1. As mental disorders and defects are more or less 
grounded on hereditary predisposition, the most important 
procedure would lie in eugenics or improvement of the 
stock by selective breeding {see page 336). Only a beginning 
has been made in some countries in this direction. But public 
opinion is not yet prepared for such measures nor are they 
free from many practical difficulties. Since neuroses may 
appear in an apparently healthy stock through the influence 
of bad environment and that many persons of defective 
stock do not manifest disorders in life, it is doubtful whether 
eugenics can be regarded as the mainstay of future mental 
hygiene. 

2. Physical health is an important condition of mental 
health. Therefore every step should be taken to assure it 
to every individual. Strain from the use of or due to defect 
of, special organs, like the eye, ear, heart, etc., is a source 
of continuous nervous irritation which leads to mental 
trouble. Excessive fatigue is another such cause. Well 
planned routine of life and rest at intervals are necessary. 
Defective and strained organs require to be specially attend- 
ed to and conserved. 

3. On the psychological side mental conflict is involved 
in almost all cases of mental diseases. < It is during the 
formative years of early childhood that such a conflict is 
started. We must understand frequent causes and forms 
of mental conflict and try to avoid them as far as practicable. 
For this an intensive parent education as to hygienic 
methods of child rearing has to be carried on for some time. 
A few points that may lessen its incidence are given below. 

A certain amount of assurance of love from others in his 
earliest years is the first condition of the emotional stability 
of the child himself, without which his future normality is 
not sure. There should bo a consistency behind the dealings 
of elders with the child. Excessive parental indulgence is, 
however, usually followed by strictness and severity. Sudden 
change in our demands from the child is bad. It is true that 
we shall have to wean a child up from a lower stage to a 
higher one at different points during his growth. But we 
must remember that the greater the change he is called upon 
to make, the more difficult is the task for him. We should 
in such cases try to make the transition easy for him by 
sympathy, help and encouragement. Criticism makes the 
matter worse. 

4. Every individual tends to develop in his own way 
and no two men are alike. Much unnecessary friction is 
caused by the attempt of the society and educators to oppose 
individuality of development. Greater amount of tolerance 
for individual differences specially among friends and near 
relations will minimise mental conflict. 

5. No one can overreach his inherited capacity. When 



MENTAL HYGIENE AND MENTAL DISOEDEES 371 


one is made to do so, he has to suher from mental strain. 
We are however constantly demanding too much by way of 
learning and development from our children without any 
consideration for their natural capacities. We should fit 
our demand, educational and social, to such capacities as far 
as possible. 

6. We should try to help the process of compensation 
pointed out by Adler. A deficiency in one respect may be 
made up by special proficiency in another. The individual 
cannot afford to go on in life without certain amount of sense 
of self-respect and we must make easy for defectives and 
neurotics to have if possible this sense, by exploring lines 
of compensation for them. 

7. We should be in search of possible lines of sublima- 
tion when considering individual needs. An undesirable and 
unsocial trait can be sometimes removed if it can be linked 
up pleasantly with some other socially useful or at least 
socially approved habit and activity. 

8. We should revise our customary attitude to the ques- 
tion of sex. A more healthy and less prudish outlook is 
necessary. A shocked feeling at the sight of childish sex- 
curiosity and of some passing childish sex habits causes a 
very great harm to the future growth of the child. 

9. Almost in all cases of mental disease in adult age, 
history of some neurotic disorder in childhood is traceable. It 
is therefore believed that, if early signs of neurotic disorder 
are detected and if steps are taken in time to deal with the 
disorder psychologically, much later suffering and trouble 
may be avoided. Whenever anomaly of behaviour or disorder 
of mind is suspected it should be the duty of the parents, 
teachers or doctors concerned to have the case properly 
examined and advised upon either at a Child Guidance 
Clinic or by a specialist. In cases of minor importance, how- 
ever, they can act themselves if they have knowledge of the 
principles of mental hygiene. 

Eeferences : 

1. 1). S. Dawson— Aids to Psychiatry. (Students’ Aids Series). 

2. E. .Jones- Psychoanalysis. (Benn\s Sixpenny Library Series). 

3. C. Burt— The Subnormal Mind. (Oxford University Press). 



CHAPTEE XVIII 

CLIMATE AND METEOROLOGY 

The climate of a place or region is the sum total of all the 
meteorological conditions in their relation to animal and 
vegetable life. It is the average condition of the atmosphere, 
while weather denotes a single occurrence or event in the 
series of conditions which make up climate. The climate 
of a place is a series of average weather. The climate and 
temperature in the tropical and subtropical regions are 
governed largely by the following factors : — 

1. The amount of humidity in the air. 

2. The altitude. 

8. Distance from the sea. 

4. Prevailing wind. 

5. Nature of the soil. 

6. Proximity of mountains and hills. 

7. Rainfall. 

Besides the above, the following conditions affect the 
climate of a given locality : — 

(a) Cultivation of the soil. 

(h) Presence of marshes, tanks, etc. 

(c) Presence or absence of forests. 

There can be no doubt that climatic conditions have an 
important effect on health, as is evidenced by the geographi- 
cal distribution and seasonal prevalence of disease. Further 
it is a known fact that climate is an important factor in 
determining the characteristics of the races of mankind. 
Amongst these may be mentioned variations in the pigment- 
ation of the skin. There are other variations chiefly due 
to environment developed in the course of many centuries. 
In the north-west of India the dry climate and the constant 
struggle between man and nature have combined to produce 
a race brave and hardy with good physical development. 

The tropical zone is that part of the earth's suface which 
extends from the equator to the north and south parallels of 
23° 28' 40". The tropic of Cancer is the northern parallel, 
the tropic of Capricorn, the southern. Between these paral- 
lels lies the Zodiac or the apparent path of the sun. The 
subtropical zone is a region extending beyond the Zodiacal 
to 35° latitude north and south, and comes under the power- 
ful influence of the sun on its approach to the tropics of 
Cancer and of Capricorn. 

According to Supan both the northern and southern 
boundaries of the tropical zone are variable, the northern 
boundary corresponding in general to about 35 degrees north 
latitude and the southern to less than 30 degrees south 
latitude. This region is further subdivided into Tropical 
Zone which lies between the isotherms of 60° F. for the 
temperature of the coldest month of the year and the 
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Subtropical Zone which extends from the Tropical Zone to 
the isotherm of 68® F. for the mean temperature of the year. 

Acclimatisation 

Acclimatisation means the ability of tlie physiological 
mechanism to adapt itself, more or less, to unusual condi- 
tionfe. There are two views regarding acclimatisation. One 
school holds that acclimatisation is impossible and that 
Europeans can never be acclimatised in a tropical climate. 
According to them deterioration caused by climatological 
factors and endemic diseases will either kill them sooner or 
later or render healthy life imjiossible for them ; while 
Livingstone, the late Bishop llannington and Dr. Sambon 
are of opinion that rapid acclimatisation is possible for 
Europeans. Huntingdon, who has made an extensive study 
of this aspect of the ([uestion, holds the view that all pro- 
gressive races characterised by high energy, civilisation and 
intellectual attainments live in climates characterised by 
variability and comparatively low mean temperature, lie 
maintains that all civilised races in old times existed in 
such climates and that degeneration occurred slowly from 
gradual change of the climates to an equable or subtropical 
nature. 

Those who hold that acclimatisation of the white man in 
the tropics is possible maintain that the deleterious effects 
from which they suffer are due not so much from the climatic 
conditions as to the other disabling factors like malaria, 
hookworm, irregular habits and other excesses. But it 
appears that although acclimatisation of white races is 
possible in course of time, any attempt at rapid acclimatisa- 
tion has an influence injurious to health. If carefully 
selected individuals are allowed to colonise in well-chosen 
tropical areas with facilities for occasional changes to the 
hills, there is no reason why acclimatisation should prove 
an impossibility. But this must be very slow, and persons 
with a tendency to any chronic disease like gout or 
rheumatism, diabetes or albuminuria, or those suffering 
either from acquired or hereditary syphilis, are not so well 
suited for the purpose. There can be no doubt of the fact 
that some Europeans in the tropics can never adapt them- 
selves properly to the altered conditions. They seem to be 
ailing off and on one way or another, and are unfitted for a 
tropical climate. This is possibly due to the continuance 
of the habits and the mode of living of the temperate climate 
than to the climatic conditions alone. The habits and 
customs of the white races are adapted to the temperate 
regions and these must be adjusted to the new conditions 
and environmental circumstances. 

Acclimatisation is effected by a slow process of change 
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takiQg place either in the individual or in the race by con- 
stitutional modifications brought on in successive genera- 
tions. The body adapts itself to the circumstances and 
conditions in which it is placed. All Europeans, however, 
cannot be acclimatised in a given area equally well. Besides 
the climatology of their original residence, their habits, 
customs, and other peculiarities have to be taken into 
account with regard to their adaptability for emigration. 

Rapid acclimatisation with regard to Europeans is only 
possible in the temperate zone. It has been suggested that 
acclimatisation of Europeans in India is impossible unless 
they intermarry. But this is not true acclimatisation ; for, 
the race is altered and transformed into a mixed race, which 
ultimately has very little in common with the original stock. 

Race itself does not always provide us with a definite 
clue to capability of acclimatisation, for in India the Hindu 
population, notwithstanding its Aryan origin, has thriven 
under unfavourable circumstances, presenting a striking 
contrast to the English (also an Aryan race), whose in- 
tolerance of the Indian climate is obvious.* 

Climate in Relation to Health 

Various meteorological conditions have an important 
influence on climate and health. Of these temperature, 
humidity, and atmospheric pressure demand special con- 
sideration. 

Temperature.— The temperature of the air influences 
the climate and forms the basis for its classification. The 
chief source of heat in the atmosphere is the sun, but 
distinction must be made between the ‘^sun heaU^ or ‘‘radiant 
heat” and the “air heat” or “shade temperature.” Radiant 
heat is the heat directly radiated from the sun, which warms 
the human body and other solid and liquid objects on which 
it falls ; but it has very little power in warming the air 
through which it passes Shade temperature is the result 
of the emanation of heat which the sun’s rays have imparted 
to the surface of the earth. In sea-coast regions, e.g, 
Madras, the temperature is influenced by the ocean, and the 
difference between the hot and cold seasons is less marked, 
and the climate is known as equable. In mountainous 
regions the altitude diminishes the mean annual range of 
temperature. The climate of inland places is rather varia- 
ble, being extremely cold in winter and very hot in summer. 
In addition to these seasonal variations, fluctuations of 
temperature occur almost daily. This is less marked in 
places with a constant temperature and in sea-coast climates, 
and more marked in inland and temperate climates. 

•“Climate and Acclimatisation’^: Greenes E^icyclopoedia of 
Medicine, vol. ii. 
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Influence of Temperature on Health.— The most vigor- 
ous races are produced in places where the temperature is 
changeable and the ditf'erence between hot and cold seasons 
is great, while weak and languid races of men are to be seen 
in places having an equable temperature. 

The high temperature of the tropics causes certain im- 
portant changes in the European constitution. There is an in- 
creased peripheral circulation with a great activity of the 
functions of the skin causing profuse perspiration which in 
its turn keeps the body temperature normal. This adjust- 
ment of the system to counteract the external heat is not 
often sufficient for a newcomer and the body temperature 
remains slightly higher than normal. The number of res- 
pirations is diminished, and the fact that hot and rarefied 
air contains comparatively less oxygen, the intake of oxygen 
with the inspiration and the output of CO2 with the 
expiration are also lessened. On the whole the general 
effect is that of diminished vital activity. The heart is 
weakened with slowing of the pulse, digestion is impaired, 
appetite lessened and nutrition interfered with, as evidenced 
by loss of weight and diminished bodily activity. Anicmia 
is often ascribed to tropical heat, but it is generally believed 
that the so-called tropical anmmia or paleness is really due 
to pigment deposited on the epidermis. If there is real 
anjemia it is not due to climatic condition alone without any 
other causal factors. 

The effect of heat on the system may be either direct or 
indirect. Directly it may cause diseases like sunstroke or 
fever, or may interfere with or suspend some of the im- 
portant and natural functions of the body. Indirectly it may 
produce heat syncope, changes in metabolism and conges- 
tive disorders affecting the liver and bowels. Stimulation 
of the nervous system followed by depression is the rule in 
tropical climates. In old residents of Uganda. Cook noted 
increased knee-jerk, tachycardia, insomnia and nervous 
irritability. The condition known as tropical neurasthenia 
is also known to occur. The real causes of these nervous 
manifestations are possibly faulty habits, over-feeding, 
lack of exercise, loneliness, overwork, alcohol, worry, and 
perhaps sexual repression. Hot and moist climates exert 
a debilitating and enervating effect on the system and 
mental work involves greater strain. Very hot and dry 
countries influence the nervous system most, and women 
and children are the greatest sufferers. 

Effects of Cold on Health . — The effects of cold are opposite 
to those of heat. Whatever may be the temperature or 
thermometric readings, cold and its ill-effects are not un- 
common in India. The cold season in Calcutta is very 
pleasant and invigorating to those enjoying sound health, 
but to many, at least at its beginning, it gives rise to chill 
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and internal congestion. Of all the vicissitudes to which 
the climate of India is liable, none interfere with health so 
seriously as the rapid transitions of its temperature do. 
The common ill-effects of the sudden transition of tempera- 
ture are colic, acute diarrhoea or dysentery. When a person 
in the hot season leaves the plains for the hills, where the 
ascent is sudden, a rise of a few hundred feet accelerates 
the heart’s action, checks perspiration, and causes profuse 
diuresis, or a sharp attack of diarrhoea. 

Effects of Humidity on Health. —A certain amount of 
moisture is always present in the atmosphere, and climates 
have been classified into moist and dry according to the 
degree of humidity. We have already seen that the sensa- 
tion of freshness or sultriness depends upon the rate of 
cooling of the body temperature {see page 73) which in its 
turn depends upon the rate of air movement and the per- 
centage of relative humidity. Haldane has found that the 
maximum temperature which can be borne for some hours 
without the development of heat stroke depends upon the 
amount of moisture present in tlie air. 

Excessive humidity retards evaporation from the lungs 
and skin inasmuch as tlie atmosphere, being very liberally 
charged with moisture, exerts little or jio drying effect. The 
evaporation of moisture by which the cooling of the body 
is effected causes a certain amount of heat to become very 
oppressive, although not so trying as when combined with 
extreme cold. Moist climates are less healthy than dry 
ones, as moist air favours the growth and development of 
micro-organisms. Putrefactive changes take place more 
readily in moisture than in dryness. 8ir Leonard Rogers 
has pointed out that there exists a close relationship be- 
tween humidity and incidence of certain diseases. Thus hot 
moist air favours occurrence of such diseases like cholera, 
tuberculosis and leprosy, and a hot dry air of smallpox. 
Similarly atmospheric humidity exerts a most important 
influence on the incidence of malaria altliough it has no 
direct effect upon the parasite in the mosquito {see 
Malaria). 

Effects of Atmospheric Pressure on Health.— The 
atmosphere or the envelope of the air is about 200 miles 
thick and since the upper layers are pressing down on the 
lower layers, the atmosphere of the lower level is much 
denser and heavier than the upper layers which are thin or 
rarefled. This column of air is exerting a pressure equal to 
15 pounds on every square inch of the body. Ordinarily this 
pressure is not felt, but people who climb high mountains, 
where the air is thin, And it difficult to live and breathe. 
Atmospheric pressure is an important factor of climate. It 
varies according to altitude and movement of air. Its 
influence on health may be considered under the two 
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following heads : (1) the effects of diminished pressure, and 
(2) the effects of increased pressure. 

( 1 ) Effects of Diminished Pressure. — 760 mm. (30 in.) of 
mercury or a weight of 15 lbs. on every square inch is the 
pressure of air at the sea-level. At high altitudes the pressure 
diminishes on account of the rarefaction of the air ; roughly, 
an ascent of 1800 ft. takes off* 1 lb. of pressure. For an ascent 
of 300 ft. the temperature is reduced by l^F. The weight of 
oxygen in a cubic foot of air is also diminished in proportion 
to the diminution of pressure. 

The condition known as ‘‘Mountain Sickness” or 
“Aviator’s Sickness” is believed to be due to the rarity of the 
atmosphere at great heights and its consequent deficiency 
in oxygen. A person rising rapidly to a height above 10,000 
feet is liable to suffer from mountain sickness. The chief 
symptoms are mental fatigue, irritability, headache, insomnia, 
and, in more severe cases, vomiting and even collapse. Bleed- 
ing from the nose, ringing in the ears and palpitation are 
not infrequent symptoms. The number of corpuscles is said 
to increase, but in balloon ascents this is ascribed not to any 
fresh formation of blood, but to excessive secretion of lymph 
which leads to concentration of the blood. The body has 
however remarkable power of adjusting itself to low oxygen 
pressure provided the change is made slowly, and ])erson8 
can live for prolonged periods at heights between 15,000 to 
20,000 feet without any ill-effects. The adjustments of the 
body in response to high altitudes are slow and various. 
The respiration becomes deeper, so that the difference be- 
tween the oxygen of the air and that of the arterial blood is 
reduced as low as is possible. But the most important 
adjustment is that the Inemoglobin content of the blood is 
increased. Thus in the Tibet Mission it was common to lind 
red blood cells over ten millions per cubic millimeters and 
the colour index 1*2. Somervell found witli members of the 
Everest expedition at a height of 23,000 feet that the 
alveolar oxygen tension was 39 mm. Hg, and that the 
alveolar carbon dioxide was only 8 mm. Hg. 

The reduction in the oxygen tension of the blood at high 
altitudes produces a chronic anoxaemia. In the following table 
the reduction of oxygen tension in high altitudes is shown.* 


Altitude in ft. I 
above sea level. 

Barometric pressure 
in millimeters Hg. 

Oxygen pressure 
in millimeters Hg. 

Sea level 

7(50 

152 

5,000 

630 

126 

10,000 

.530 

106 

15,000 

430 

86 

20,000 

380 

76 


Clark, Applied Pharmacology, 
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(2) Effects of Increased Pressure . — Increased pressure of 
air produces effects of an opposite nature, but the system 
soon accommodates itself to this altered condition. The 
effects are best observed in persons working* in diving*-bells, 
compressed air chambers (caissons), etc., and the symptoms 
produced are generally known as ^'caisson disease.” In 
caissons the pressure is rarely 30 to 35 pounds, and divers go 
down to 20 fathoms where there is a pressure of 53 pounds. 
The accepted theory is that during compression the blood 
passing through the lungs becomes saturated with air which 
is carried to the tissues until the whole body is saturated; 
during decompression the process is reversed. The blood 
gives up nitrogen to the alveolar air and returns to the 
tissues for more. Those organs in which the circulation 
is rapid will give up the nitrogen rtipidly and those with a 
sluggish circulation slowly. The oxygen is retained in the 
blood and tissues, and nitrogen is liberated causing bubbles 
in tissues and gas emboli in blood-vessels. As a rule the 
workers do not suffer whilst they are in the caisson, but 
grave symptoms may take place after they have returned to 
the outside air. The symptoms due to increased pressure 
vary in severity in different individuals. The common 
symptoms are euphoria and sensations of increased strength 
and of heat, respiration becomes deeper and quicker, and 
the heart becomes stronger and slow^er. These reactions are 
less marked according as the subject is more accustomed to 
the high pressure. These may be followed by nasal voice, 
disturbance in hearing, difliculty in efforts such as whistling, 
changed sense of smell or taste, and rarely haemorrhages 
from the mouth, tympanic cavity and even from the lungs. 
Some perspire profusely with a feeling of fatigue and 
weakness. 

The symptoms of sudden decompression called by the 
workmen '‘bends” or "screws” are often referred to as "com- 
pressed-air sickness.” These according to Levy of the U. S. 
Bureau of Mines are : — Affection of the central nervous 
system with motor or sensory symptoms ; localised pains on 
muscles, tendon sheaths, bones or nerve terminals known as 
"bends” ; vertigo ; "chokes” ; unconsciousness, or collapse. 
Haemorrhages from the nose, ears or lungs may occur, and 
rarely death. 

When symptoms arise the treatment is recompression ; 
this reduces the volume of the individual bubbles ' n the 
tissue fluids and tends to make the nitrogen diffuse from 
the bubbles into the tissues. One or more locks should be 
provided in which the pressure can be gradually reduced 
until approximately that of the atmosphere is reached. 
Divers should be instructed to come slowly to the surface. 
When the pressure exceeds three atmospheres, the longest 
working period should not be more than one hour, and 
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several hours should be permitted between the descents. 
A chamber should he provided where a man showing 
symptoms of the disease may be once more subjected to a 
pressure greater than that of the atmosx>here, Haldane\s 
method of graduated decompression or '‘Stage Method” is 
now widely adopted with most benelicial results. 

Sunlight 

Light is caused by the periodic vibration or rotation of 
electrons, and is the result of waves of energy transmitted 
through the ether. The visible light rays of the sun are 
composed of seven primary colours, at one end of which are 
the red rays, and at the other the blue and the violet. In 
addition to these there are invisible light rays at either end 
of the spectrum. Those at the red end have longer wave- 
lengths and are known as the ivfra-red rays and those ex- 
tending beyond the violet end and of shorter wave-lengths 
are the ultra-violet rays. The ultra-violet rays are the 
chemical rays, so called from the chemical changes they 
produce when projected on a sensitive medium. The infra- 
red rays include the dark lieat rays. 

The composition of the rays of the sun varies w ith the 
altitude and the ])urity of the atinos])here. In fact the 
atmosphere screens oh* the harmful radiations. The ultra- 
violet rays are easily destroyed or made ineffective by 
moisture, dust, smoke and organic matters present in the 
atmosphere. 

Sunlight, as is well known, is essential to the well-being 
of all living beings, both animal and vegetable. But it is 
to the ultra-violet rays that most of the therapeutic effects 
of the solar radiation are attributed. The cells of the skin 
and the circulating blood in the capillaries of the skin absorb 
these rays which affect the metabolism of the body (see 
vitamin D, page 170). The value of sunlight for the preser- 
vation of health hais long been recognised, yet till lately very 
little attention was paid to the utilisation of this valuable 
therapeutic agent so freely and so generally available. The 
practice of putting infants to bask under the sun after 
anointing the body with mustard oil is an old and time- 
honoured custom in India. But with the advent of modern 
civilisation this practice is being given up, at least in cities, 
with the result that the children are ill-developed, rickety 
and grow with a poor physique. 

In the absence of sunlight the skin does not form vitamin 
D from the ergosterol, calcium metabolism is interfered with 
and the bones become soft producing rickets. A similar 
condition known as osteomalacia also occurs in women who 
have borne children and are subjected to rigorous purdah 
system. Rickets however is cured not only by the use of 
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vitamin D but also from exposure to sunlight or ultra-violet 
rays. Apart from these diseases, tuberculosis is much com- 
mon among those who live in closed rooms, and it is quite 
possible that lack of both sunlight and fresh air is respon- 
sible for this trouble. 

Owing to the climatic and other conditions which prevail 
it is not always possible to make the full use of the sunlight 
for therapeutic purposes ; therefore the treatment by ultra- 
violet rays is done chiefly by artificial light, and electric 
incandescent and arc lights are largely used for the pur- 
pose. In India so much sunlight is available that it is almost 
unnecessary to use ultra-violet rays which is not only ex- 
pensive but the same results can be obtained by other 
therapeutic measures. Electric lights possess properties 
similar to those of sunlight. The arc light is full of luminous 
rays, but there is also a good proportion of the ultra-violet 
rays. In the incandescent lamp the heat rays predominate, 
the ultra-violet rays are absent, being removed by the glass 
globe. The mercury vapour lamp which is known as the 
‘^Kromayer lamp” is largely used for the purpose. This 
consists of a tube from which air has been exhausted and 
which is filled with mercury and mercury vapour. 

The ultra-violet rays only penetrate a short distance, 
the htemoglobin of the blood acting as a red filter screen. 
Under compression from surface quartz applicators or otlier 
means, the depth of penetration is increased. It is im- 
portant to note that these actinic rays will not pass through 
glass, paper, or thin cloth, but will pass through sterile 
water. Similarly a pigmented skin may prevent, or interfere 
with, the ultra-violet rays from penetrating. 

According to Eollier, sunlight judiciously applied will 
not only cure tuberculous affections and prevent relapses 
but will prevent fresh outbreaks. 

The application of oil over the skin protects it from 
irradiation, both by reflecting the rays and by absorbing the 
ultra-violet rays. The horny layer of the skin by virtue of 
the grease reflects much of the visible rays. But the ultra- 
violet rays acting on the living cells of the epidermis cause 
sunburns. According to Eollier the most resistant skin 
of the untrained Europeans is sunburnt by a 45 minutes’ 
exposure to the high sun in the Alps. An exposure only 
of the head of a rabbit to the heat rays of the summer sun- 
light quickly heats up the brain without affecting the body 
temperature. Therefore to prevent local overheating, it is 
essential to use head covering and spinal covering for Euro- 
peans in the tropics. The tropical sun has a powerful 
heating effect on the body so that in addition to the trying 
atmospheric conditions the direct heating effect of the sun’s 
rays adds greatly to the discomfort and the risk of heat 
stroke. 
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Classification of Climates 

For purposes of classitication three great climatic con- 
ditions were originally described : — 

1. The hot or warm climate with a mean annual tem- 
I)erature of SO^F, 

2. The temperate climate with 60®F. 

o. The cold climate with lO^F. 

A more scientitic division is made by using isothermal 
lines, as very often the regions occupying the same latitude 
give different annual temperatures. 

For practical purposes climates are devided into : (1) 
cold, (2) temperate, (3) warm, (4) mountain, and (5) marine 
and oceanic. 

(1) Cold Climates.— These belong to regions lying be- 
tween the Poles and 5(F of latitude. Here the winter is 
severe and prolonged, and the summer is very short. The 
mean annual temperature varies from 50^F. to lO^F. or may 
be even below the freezing-i)oint. Rain is comparatively 
absent, but there is abundance of snow. Although severe 
cold has a tiring effect on the lungs and kidneys, yet accord- 
ing to some observers the death-rate in these regions is the 
lowest in the Avorld. Severe cold makes the inhabitants 
vigorous and muscular. 

(2) Temperate Climates. — The geograiihical limit is from 
35°to50<^ of latitude, and the mean annual temperature varies 
from 50^ to 60°F. These are the healthiest climates upon the 
earth, and are inhabited by the most civilised and vigorous 
races of the world. Four well-defined seasons exist in these 
latitudes, autumn and winter being usually most rainy. 

(3) Warm Climates, — These include regions lying be- 
tween the Equator and 35® of latitude on either side of it, and 
contain within their limits Southern Asia (including India 
and China), Polynesia, Africa with its islands. North America 
south of California, and South America north of Uraguay, 
and the West Indies. They are subdivided into equatorial, 
tropical, and subtropical climates. In the equatorial the 
maximum temperature is 118® F., the minimum 54® F., and 
the mean annual varies from 80® to 84® F. High tempera- 
ture, heavy rainfall with well defined dry and wet seasons 
are the characteristics of those regions. The heat is modi- 
fied by rainfall which is rarely less than 40 inches annually, 
and the difference between the diurnal and nocturnal tem- 
peratures is slight. The diseases commonly attributed to 
warm climates are : — Insolation or sun stroke, cholera, 
malaria, yellow fever, dengue, liver abscess, smallpox, 
dysentery, diarrhoea, kala-azar, etc. 

(4) Mountain Climates, — The characteristics of moun- 
tain climates are extreme heat and cold, greater purity and 
rarefaction of the air, and diminished atmospheric pressure 
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due to high altitude. Mountain climates are best suited to 
persons with a tendency to tuberculosis. 

(5) Marine and Oceanic Climates . — The peculiar features 
of these climates are greater equability of temperature, and 
increased moisture and rainfall, as evidenced by the climates 
of small islands and places on the sea-coast. The climates of 
Great' Britain, Ceylon, and the coasts of India may be men- 
tioned as examples. Sea air has a high salt-content and is 
rich in iodine. The variations of temperature between sum- 
mer and winter, and between day and night, are less marked. 

Effects of Vegetation and Sheets of 
Water on Climate 

Vegetation in moderation improves the climate by keej)- 
ing the air cool and equable, and counteracts the effects of 
radiation from the earth. Trees exert an attractive influence 
on the water-charged clouds and so rainfall and relative 
humidity are correspondingly increased. 

The deprivation or absence of vegetation, as in deserts 
or dry lands, leads to great variations of temperature. They 
are very hot during the day, and owing to the dryness of the 
air radiation is very rapid at night w^hen the, temperature 
falls considerably. 

The effect of the ocean, lakes or any large sheet of water 
is very great in influencing the climate of a place. The 
specific heat of water is four times greater than that of land, 
with the result that it takes a longer time for heating as 
well as for cooling. It follows, therefore, that the tempera- 
ture of the atmosphere close to large sheets of water remains 
uniform. Sea water freezes at a temperature of about 28®F. 
and fresh water at 32oF. ; consequently the sea remains open 
when the lake freezes ; hence the sea exerts a greater 
influence in moderating winter cold and summer heat. 

METEOROLOGY 

Meteorology is the science concerned with the pheno- 
mena occurring in the atmosphere ; while weather is the 
general condition of the air at any stated period or time, 
particularly of that portion of the air lying next to the 
earth's surface. In all meteorological observations the 
results obtained by different observers at diff*erent stations 
are recorded by instruments which must be similar in form 
and exposed in the same way. It is also necessary that all 
mistakes peculiar to these observations must not be lost 
sight of. All observations must be systematically and 
accurately made and their results interpreted. 

The meteorology of India is of special interest, present- 
ing as it does a greater variety of meteorological conditions, 
actions and features than any other place of similar size 
in the world. This is ascribed to (1) its variety and contrasts, 
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(2) presence of a combination of tropical and temperate 
conditions, and (3) its being an area of pronounced monsoon 
conditions. The principal climatic phenomena requiring 
systematic record are : — 

I. The temperature of the atmosphere. 

II. Atmospheric pressure. 

III. Movement of wind. 

IV. Humidity. 

V. Presence of ozone. 

VI. Sunshine or solar radiation. 

VII. Atmospheric electricity. 

VIII. Eainfall. 

IX. Presence or absence of cloud, fog, mists, 
and storms. 

I. Temperature 

Next to rainfall temperature is the most important 
feature of meteorological observations. This is recorded 
by a thermometer which is exposed in open sheds to allow 
a free circulation of air, and protected from the direct rays 
of the sun by a thick roof or thatch. In cold weather and 
during the hottest part of the day the temperature of the 
ground surface is about 10® to 20® higher than that of the 
air at four feet high, and this goes on increasing up to 40® 
or 50®. But this difference becomes less during the rains. 
The mean daily temperature, or simply temperature, is 
that obtained by adding twenty-four hourly observations 
and dividing by twenty-four. The temperature of a month 
is the mean of those of thirty days, and the temperature 
of a year is the mean of those of twelve months. Tempera- 
ture has an important bearing in the production of certain 
infectious diseases. Thus the malaria parasite ceases to 
undergo development in the stomach of the mosquito when 
the mean temperature remains permanently below 16® C. 
(sec Malaria). 

The temperature of the air varies at different parts of 
the day. It is increased by the absorption of solar radia- 
tion during the day. The variation of temperature with 
a maximum and minimum, dividing the day into periods 
of eight and sixteen hours, is the diurnal variation^ and 
the difference is the diurnal range. There is again what 
is called the annual variation of temperature ; this is the 
regular increase in the temperature during one-half of 
the year succeeded by a decrease during the other half. 

The temperature of the air of a particular place varies, 
and the principal causes which modify the temperature 
are : — (1) Latitude of the place, (2) its height, (3) direction of 
the wind, and (4) proximity of the sea. In the north-western 
parts of India and the northern parts of the Bombay 
Presidency the daily range of the thermometer is very 
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great during the months of October and November when 
the difference between the maximum and minimum tempera- 
ture liuctuates between 30® and 35® F., while in the United 
Provinces it averages between 28® and 32® F. The amount 
of diurnal periodic change is less at sea than on land, and 
least on the sea-coast of islands in the tropics The ampli- 
tude of yearly fluctuation is less at sea than on land and 
is least in tropical countries. 

Isotherm means equal temperature, and the imaginary 
lines drawn through all places having the same temperature 
at the same time are called isothermal lines. 

Thermometers. — Thermometers are instruments for 
measuring temperature. Liquids are by far the best suited 
for their construction, and mercury and alcohol are the fluids 
generally preferred. Mercury is used, as it boils at a very 
high temperature, and because of its regular expansion ; 
alcohol, on the other hand, has the advantage of not solidi- 
fying even at the lowest known temperature. Of these, 
mercurial thermometers are more widely used. 

There are two important marks on the thermometer 
scale : one is the temperature of melting ice, the other 
temperature of boiling water, and there are %two different 
scales by which the temperature is measured, vi^. Fahrenheit 
and Centigrade scales. In the F. scale the temperature of 
melting ice is 32 degrees (32® F.) and of boiling water 212 
degrees (212® F.) and between these two there are 180 little 
subdivisions. In the C. scale the temperature of melting 
ice is 0 degree (0® C.) and that of boiling water 100 degrees 
(100® C.). 

Six’s Thermometer. —This is a combination of maximum 
and minimum thermometers and gives a double reading. It 
consists of a U-shaped glass tube with a bulb at each end, 
the middle portion of which contains mercury. Both the 
tubes above the mercury and one bulb contain alcohol, and 
part of the other bulb contains alcohol vapour and air. In 
each stem there is an iron index which may be moved by a 
magnet. With the rise of the temperature the alcohol 
expands and pushes the mercury and with it the index well 
up the other stem. With the fall of the temperature the 
alcohol contracts and the mercury falls and with it pushes 
up the index in the other column. In this way the highest 
and the lowest temperatures are recorded by the indices in 
the right and left limb respectively. It is not an accurate 
instrument. 

Maximum and Minimum Thermometers . — In meteoro- 
logical observations the highest and the lowest tempera- 
tures in the twenty-four hours are often necessary, for 
which purpose these thermometers are used. They consist 
of a wooden board upon which two thermometers are fixed. 
The maximum thermometer contains mercury and the tube 
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contains a glass rod or index which the mercury does not 
wet or cling to. The index is pushed on with the rise of 
temperature, but remains there after the 
mercury has contracted. The minimum 
thermometer is filled with alcohol, in 
which the glass index is immersed. The 
‘surface tension’ acts like a skin and 
pulls the index Jtock to the lower point 
reached by the *cohol. But when the 
alcohol expands with the rise of tempera- 
ture it is not displaced, thus recording 
the lowest temperature. 

Vacuum or Solar Radiation i hermome- 
ter. — This is a mercurial maximum self- 
registering instrument having a bulb 
coated with lamp black to absorb the 
sun’s rays. The bulb is placed in a 
vacuum glass case in order to prevent 
the coating from being washed off by rain. 

The glass case also protects the bulb from 
loss of heat which would otherwise take 
place. The instrument is placed horizon- 
tally four feet above the ground, away 
from walls and trees, and exposed to the 
direct rays of the sun. The difference 
between the maximum in the sun and in 
the shade is the amount of solar radiation, 
or of the power of the rays of the sun. 

A terrestrial thermometer is a minimum 
shade thermometer placed close to the Six^s Thermometer 
ground with the bulb resting on the grass 
about four inches above the ground. If a grass plot cannot 
be had the thermometer should rest on a large black board 




Fig. 80.— Vacuum or Solar Radiation Thermometer 
placed upon the surface of the ground, or it should be laid 
on snow if the ground is so covered. The difference between 
this minimum temperature and the air minimum in the shade 
is the amount of terrestrial radiation. 

II. Atmospheric Pressure 
The atmospheric pressure is determined by means of a 
Barometer. It may be either a mercurial, glycerin, water, or 
25 
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an aneroid barometer; mercury being the heaviest known 
liquid is generally selected. A mercurial barometer consists 
of a glass tube (about 33 in. long), closed 
~ at one end, tilled with mercury and inver- 

ted into a trough or cistern containing this 
metal. The pressure of the atmosphere at 
the sea-level on the surface of the mercury 
in the trougli supports the mercury in the 
tube to a height of about 30 inches leaving a 
vacuum on top, or in other words the weight 
of the column of mercury is equal to and 
balances the weight of the column of air 200 
miles high. Since the pressure of the air 
varies so the height of the column of mer- 
cury varies. The mercury in the tube will 
fall when the pressure is diminished as in 
mountain ascents, and will rise with an in- 
crease. Thus on a mountain 15,000 ft. high 
the pressure is fifteen inches. The air pres- 
sure even at sea level is influenced by 
several features, (a) Temperature . — Since 
heat causes air to expand arid become less 
dense, so the pressure is low when the tem- 
perature is high, (h) Watery vapour . — Excess 
of watery vapour in the air makes it lighter 
than air alone. So in India the pressure is 
less during rainy season. 

The barometer generally used is that of 
Fortin^s (Fig. 81). It should be fixed in a 
room not subject to sudden or great changes 
of temperature, and protected from sun, rain 
and wind. It must be hung vertically, in a 
well-lighted place at a distance from any 
fireplace or stove, and at such a height as 
will enable the reading of the vernier com- 
fortably when standing. 

Every barometer has a thermometer atta- 
ched, showing the temperature of the mer- 
cury in the barometer and of the brass tube 
which serves as a standard of measure- 
ment. This enables the observer to deter- 
mine the proper correction to be applied to 
the reading of the barometer to reduce it to 
the standard temperature, that of the freezing point, 32®F/ 
Method of Beading. — First note the reading of the atta- 
ched thermometer to the nearest degree; then adjust the 
mercury in the cistern by turning the screw at the bottom of 
the cistern, so that the ivory point is just brought into 
contact with the surface of the mercury, but does not 
depress it. This point and its reflected image in the mer- 
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cury should appear to just touch each other to form a 
double cone. Now adjust the vernier so that its two lower 
edges should form a tangent to the convex surface of the 
mercury. The scale on the instrument is usually divided 
into inches, tenths, and half-tenths, and the vernier, being 
made equal in length to 24 divisions of the scale, is divided 
into 25 equal parts. Each division of the vernier is there- 
fore shorter than each division of the scale by the 25th part 
of 0.05 in. ; which is 0.002 in. 

First read off the division next below the lower edge of 
the vernier, which is, say, between 29.05 in. and 29.10 in. ; 
the reading is 29.05 in. pListhe vernier indication. Now look 
along the vernier until one of its lines is found to agree with 
a line on the scale. Suppose this is at the fourth division 
of the vernier ; as each of the figures marked on vernier 
counts as a hundredth, and each intermediate division as 
two thousandths, the reading of the vernier will be 0.008 in. 
The reading of the barometer is therefore 29.05 + 0.008= 
29.058 in. 

By means of the vernier any instrument can be read to 
fractions of the smallest graduations into which the scale 
can be divided. A barometer scale cannot be clearly divided 
into smaller parts than millimeters or than twentieth of an 
inch. By means of the vernier these can be again sub- 
divided. 

The barometer having been read the following correc- 
tions must be made before the true atmospheric pressure 
can be determined : — 

1. Correction for the temperature of the mercury. 

2. Correction for the expansion of the scale attached to 
the barometer. 

3. Correction for the latitude of the place where the 
barometer is placed. 

4. Correction for the height above the sea-level. 

The necessary correction for temperature is made by the 
help of tables which give the amount of allowance to be 
made for all ordinary temperatures and heights of the baro- 
meter. Correction for the height above the sea-level is also 
done by the help of tables. For each hundred feet above 
sea-level, one-tenth of an inch must be added to the baro- 
metric reading. 

The Aneroid Barometer , — It is so called as no fluid enters 
into its construction. It consists of a cylindrical metal box, 
partially made vacuum, and is closed by a metal lid which 
being elastic is acted on by changes in the atmospheric 
pressure. This pressure is communicated from the box by 
a series of springs to an index and is recorded on a dial 
which has been graduated by comparison with a standard 
mercurial barometer. When the atmospheric pressure in- 
creases the spring is pulled down, if the pressure diminishes 



388 


HYGIENE AND PUBLIC HEALTH 


the spring rises. It is however liable to get out of order 
and therefore requires to be periodically checked against a 
standard mercurial barometer. They are used when no 
great accuracy is required, and being portable they are used 
for ascertaining heights when climbing mountains or during 
aeroplane ascents. 

Barometric Fluctuations.— Variations in the atmospheric 
pressure, though rarely extending over a few inches, have a 
practical value as indicating the general weather conditions. 
Air retains moisture and on the amount of this moisture in the 
air depends the formation of rain. The presence of moisture 
in the air increases its volume, so that one cubic foot of dry 
air which weighs 546.8 grs. at 50®F. becomes, when saturated 



Fig. 82.— Synoptic Chart Showing Cyclonic System 
The arrows show the direction of the wind. The 
figures show the barometric pressure of the isobars. 

with moisture, 1.1021 cubic ft. and weighs 550.9 grs. This 
fact of moist air being lighter than dry air causes a fall in 
the barometer which indicates imminent rain. 

Other causes may also lead to barometric fluctuation, viz. 
movement of wind, although this movement depends to a 
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great extent on the presence or absence of moisture in the 
air. It is by the early recognition of the barometric changes 
that weather forecasts are made. 

The changes in weather over a wide area brought on by 
daily, monthly and annual irregular variations of the baro- 
metric pressure are principally divided into anticyclo7iic if 
the weather is good, and cyclonic if the weather is bad. 
Nowadays barometric readings at a given time over an ex- 
tended area, including ships at sea, are telegraphed to a 
central station to be recorded. If observations of stations 
having the same barometric pressure are recorded on a map 
we get a rveather or synoptic map, and the lines connecting 
such places or stations are called isobars, which arrange 
themselves in certain typical forms associated with certain 
kinds of weather. It will be observed (see fig. 82) that an 
area of low pressure is encircled by a series of isobars of 
increasing pressure from the centre outwards ; such a system 
indicates ‘‘low” or “depression” and is cyclonic. On the 
other hand, the isobars may enclose an area of high pressure 
and each succeeding isobars increases towards the centre 
Avhich has the highest barometric reading ; such a system 
is “high” or anticyclonic (see Eig. 83). Secondary cyclones, 
V-shaped depressions, wedge-shaped depressions, cols, etc., 
are only modifications of the primary types. 

III. Movement of Wind 

Wind is the effect of disturbance of equilibrium con- 
stantly proceeding in the freely mobile atmosphere. The 
causes of these disturbances are differences in atmospheric 
pressure brought about by changes in temperature and mois- 
ture, aided by physicarl and other factors. The air derives 
most of its heat from contact with the earth’s surface which 
becomes more heated near the equator than in other parts, 
while the amount of moisture which it can hold increases 
with the temperature. In order to restore the atmospheric 
equilibrium the air moves from the anticyclonic system, 
where the barometer is high and pressure greatest, towards 
the centre of a cyclonic system where the barometer is low 
and the pressure least. Thus in October and November the 
temperature over the land area becomes lower than over the 
sea near the equator, and the pressure being higher, the air 
from the land blows towards the equator. Again in April 
and May, the plains of northern India become more heated 
than the sea near the equator, consequently the pressure 
becomes less over the land than over the sea and a current is 
set up in the opposite direction, i,e. from the sea to the land. 

The primary factor in the meteorology of India is altera- 
tion of seasons. The north-east and south-west trade rvinds 
are set in motion by the movement of the earth and are due 
to the incessant movement of cold air from the poles, replac- 
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ing the heated air of the tropics. The south-west monsoon 
is a season of winds of oceanic origin, of high humidity and 



Fig. 83 .— Synoptic Chart Showing Anticyclonjc System 


of frequent aud heavy rains over nearly the whole of India. 
It arrives in the south of India about the beginning of June 
and is deflected by the Peninsula into two currents — one the 
Bay of Bengal current which proceeds over the Bay to Burma, 
Assam and Bengal, and is then deflected in a north'Cast 
direction by the Himalayas up the Gauges Valley through 
Bihar, the United Provinces and the southern portion of the 
Punjab ; the other current, the Arabian Sea current, pro- 
ceeds over the coast of Bombay and Madras Presidencies 
causing much rain and then advances onwards over Central 
India to meet the Bay current. This monsoon lasts from 
July to October and then retreats by the way it came. The 
north-east monsoon, on the other hand, is of Continental 
origin, and is therefore dry, except where it has travelled 
over some sea. Hence the north-east monsoon in India is 
characterised by clear lightly clouded skies with occasional 
rain. These are therefore appropriately termed wet and 
dry monsoons, suggesting as they do the most important 
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and prominent features of the seasons in the land areas of 
India. In fact about 90 per cent, of the annual rainfall 
of India occurs during the south-west monsoon. The dry 
monsoon is again divided into two periods — one of compara- 
tively low and the other of increasing and high temperature. 
The wet monsoon is similarly subdivided into two periods — 
June to September is the monsoon proper^ while October 
to December is called the retreating monsoon. During the 
cold weather period India is characterised by clear sky, 
fine weather, large diurnal range of temperature, and light 
land winds. The months of November and December are 
the most pleasant of the year in Northern India. 

Anemometer. — The pressure and velocity of winds are 
recorded by instruments caHed Anemometers, of which there 
are several kinds, Robin- 
son’s Wind Anemometer 
being considered the best. 

It consists of a metal 
cross provided with hollow 
hemispherical cups at their 
ends, and revolving hori- 
zontally on a vertical axis 
which, by an arrangement 
of a screw, records the 
movements on a dial. From 
the number of turns made 
in a given time the velocity 
of the wind is deduced. 

The cups move at a 
rate equal to only one- 
third of that of the wind, 
and allowance is therefore 
made for this in gradua- 
ting the instrument. The 
instrument should be kept 
clean and properly oiled, 
and fixed at least twenty 
feet from the ground. 

IV. Atmospherio Humidity 

Water is being constantly evaporated into the air which 
has a definite capacity for absorbing moisture. The amount 
of moisture which the air can hold varies considerably not 
only with the temperature but with the season, and with the 
elevation and position. During the height of the wet mon- 
soon, it is about 10 to 12 grs. per cubic foot in the coast 
districts of Bengal and Bombay. It is usual to speak of the 
amount of moisture present in the air as the degree of 
humidity. The actual amount of moisture present in a given 
volume of air is called absolute humidity. This absolute 



Fig. 84. —Wind Anemometer 
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humidity has an important bearing in the epidemicity of 
cholera in India, and Rogers has j)ointed out that cholera 
never becomes widespread when the absolute humidity is 
under '‘0.400/’ Relative humidity indicates the percentage 
amount of moisture in the air, regarding saturation as 100. 
It exerts most important influence on the incidence of 
malaria [see Malaria). When the air at any given tempera- 
ture contains as much water as it can hold, the air is then 
called saturated, and the warmer the air the greater is the 
amount of moisture that it can hold. It follows that if the 
temperature of certain quantity of saturated air be raised 
it ceases to be saturated as it can now take up more watery 
vapour. On the other hand, if it be cooled it will reach a 
temperature at which it becomes incapable of holding that 
amount of water, and some of it will condense and appear 
as rain, hail, mist and dew. The precipitation of moisture 
on the surface of the earth or on grass, leaves, etc., is called 
dew, and is caused by the air coming in contact with the cold 
surface of the earth at night and parting with its moisture 
from loss of temperature. When the temperature rises 
again the dew disappears, and the mean of the temperatures 
of appearance and disappearance is the dew-point. 

The dew-point is determined by means of a hygrometer, 
and is calculated by means of a dry and wet bulb thermome- 
ters. Having noted the readings of the two thermometers, 
the dew-point is ascertained either by the use of Glaisher’s 
tables or by the following formula of Apjohn : — 


t and t'^Dry and wet bulb readings respectively. 
f = vapour tension corresponding to wet bulb tem- 
perature. 

F = vapour tension at the dew-point. 

For the application of this formula a table of vapour 
tension is necessary. Therefore having ascertained the 
dry and wet bulb temperatures, both the dew point and 
relative humidity can be obtained by the use of Glaisher’s 
table, where a series of factors, Glaisher’s factors, is given 
for each reading of the dry bulb thermometer. The dew- 
point is determined by the aid of Glaisher’s factor from 
the following formula : — 

D-t-(t--t')xF 

D = dew-point. 

F = factor as obtained from Glaisher’s table. 

When t (dry bulb reading) =* 58® 
t' (wet bulb reading) = 48® 
and factor for 58® being 1.9 (from Glaisher’s table) 
then D = 58 - (58 -- 48) x 1.9 = 39 
therefore dew point = 39. 
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CLAISHEK^S TABLE OF FACTORS FOR DRY BULB 
TEMPERATURES 


D.B.T. 

Factor. 

D.B.T. 

F’actor. 

D.B.T. 

Factor. 

45 

2.16 

61 

1.87 

77 

1.70 

46 

2.14 

62 

1.86 

78 

1.69 

47 

2.12 

68 

1.85 

79 

1.69 

48 

2,1 

64 

J.83 

80 

1.68 

49 

2.08 

65 

1.82 

81 

1.68 

50 

2,06 

66 

1.81 

82 

1.67 

51 

2.04 

67 

1.8 

83 

1.67 

52 

2.02 

68 

1.79 

84 

1.66 

53 

2.0 

69 

1.78 

85 

1.65 

54 

1.98 

70 

1.77 

86 I 

1.65 

55 

1.96 

71 

1.76 

87 * 

1.64 

56 

1.94 

72 1 

1.75 

88 ' 

1.64 

57 

1.92 

73 

1.74 

89 

1.63 

58 

1.9 

74 

1.73 

90 

1.63 

59 

1.89 

75 

1.72 

91 

1.62 

60 

1.88 

76 

1.71 

92 

1.62 


Relative Hmnulity.-'lt may be deliued as the ratio of the 
mass of aqueous vapour present in the air at a given tem- 
perature to the mass of acpieous vapour necessary for the 
saturation of the same volume of air. It is calculated as 
follows : — 

^ Force of vapou r a t dew -point temp. 

Force of vapour at dry bulb temp. ^ 

The vapour force factor is obtained from (flaisher’s 
tables and is the amount of mercury in inches that could be 
supported by the pressure of the vapour in a cubic foot of 
saturated air at that temperature. 


VAPOUR TENSION REPRESENTINU SATURATION 


Temp. 

Force of 

Temp. 

Force of 

Temp. 

1 

Force of 

F. 

Vbipour. 

F. 

V^aponr. 

F. 

Vapour. 

40.0 

0.247 

46.5 

0.317 

53.0 

0.403 

40.5 

0.252 

47.0 

0.323 

53.5 

0.41 

41.0 

0.257 

47.5 

0.329 

54.0 

0.418 

41.5 

0.262 

48.0 

0.335 

54.5 

0.425 

42.0 

0.267 

48.5 

0.342 

55.0 

0.433 

42.5 

! 0 272 

49.0 

0.348 

55.5 

0.441 I 

43.0 

1 0.277 

49.5 

0.355 

56.0 

0.449 

43.5 

1 0.283 

50.0 

0.361 

56.5 

0.457 

44.0 

0.288 

50.5 

0.367 

57.0 

0.465 

44.5 

1 0.294 

51.0 

0.374 

57.5 I 

0.473 

45.0 

0.299 

51.5 

0.381 

58.0 1 

0.482 

45.5 

0.305 

52.0 

0.388 

58.5 

0.491 

46.0 

0.311 

52.5 

0.396 

59.0 

1 

0.50 
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Hygrometers. — The amount of moisture present in the 
air is registered by the hygrometer, of which there are two 
kinds, viz., the direct and the indirect hygrometers. Daniell’s, 
Kegnault's and Diners are examples of direct types, while 
the wet and dry bulb thermometer and psyclirometers are 
classed as indirect types. 

BanielVs Hygrometer . — This consists of two globes con- 
nected by a bent tube. One globe, made of black glass, 
is partly filled with ether and a thermometer dips into it. 
The other bulb as well as the remaining portion of the 
tube contains ether vapour. The empty bulb is covered 
with muslin which is kept moist with ether. The ether in 
evaporating cools the bulb and the loss of temperature so 
brought about condenses the ether vapour inside the bulb 
and tube, which in its turn causes an evaporation of the 
ether inside the thermometer-containing-bulb, which cools 
down and reduces the temperature of the air around it until 
it becomes so low that it forces the air to part with some of 
its moisture which condenses upon the surface of the bulb. 
As soon as this happens the temperature from the attached 
thermometer is taken and the cooling process is stopped. 
The surrounding air warms the ether bulb and the dew 
disappears, when the thermometer is read again. The mean 
of the two readings is the dew-point. The closer together 
the readings the greater the accuracy. 

Dine\s Hygrometer . — The theory is exactly the same as 
with Daniell’s. A stream of cold water from the vessel A is 
run through the channel D which is covered by ta thin 
blackened glass. The temperature is recorded by a thermome- 
ter the bulb of which is placed just under it. The water 



Fig. 85 .— Diners Hygrometer 

cools the glass plate and when the first trace of deposit 
of dew is formed the flow is stopped and the reading of the 
thermometer is noted. Wait till the dew disappears and 
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read the thermometer again. The mean of the two tempera- 
tures is the dew-point. 

Psychrometer. — This is an instrument of greater precision 
and is as trustworthy as the dew-point apparatus. It is 
used nowadays in preference to the wet and dry hull) 
hygrometer. It consists of two thermometers, one covered 
with thin muslin. Both the bulbs must be of the same size, 
style and sensitiveness. Two types of psychrometers are 
generally used, viz. the Assmann’s 
Ventilating Psychrometer, and the 
Sling Psychrometer (see Fig. 86). 

The sling pattern is provided 
with a handle, which permits 
the thermometer to be whirled 
rapidly. During the time of 
observation the muslin covering 
should be thoroughly saturated 
with distilled water and the 
thermometers whirled rapidly for 
15 to 20 seconds, stopped and 
the wet-bulb reading noted. This 
is repeated several times till the 
two successive wet-bulb readings 
are almost the same, showing 
that it has reached its lowest 
temperature. The dry-bulb read- 
ings give the true temy)erature 
of the air, and the difference between the dry and the wet- 
bulb enables one, by means of tables, to obtain the percent- 
age of humidity, the dew-point and the vapour pressure of 
the air. 



Fig. 86.— Sung Psychro- 
MF.TKR. (('oiirtesy of 
Cnssela & Co., Ltd.) 


V. Atmospheric Ozokk 

It is popularly believed that the presence of ozone in the 
air is conducive to health, but this requires futher confir- 
mation. Potassium iodide and starch papers are used for the 
detection of the presence of ozone in the air, but they are 
not reliable, as other substances, especially nitrous acid, turn 
them blue. 


VI. SlINSHlT^E 

The duration of sunshine influences the climate to a great 
extent and is recorded by means of Campbell- Stoke Sunshine 
Recorder. It consists of a sphere of crown glass four inches 
in diameter and three pounds in weight and supported on a 
pedestal in a metal zodiacal frame. It should be fixed in 
such a position that the sun can shine on the instrument the 
whole of the time it is above the horizon. The image is 
received on a prepared card inserted at the proper focal 
distance. When the sun shines it burns away or chars the 
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surface at the point on which its image falls and so gives a 
record of the duration of sunshine. The sunshine should be 
measured in hours and tenths of an hour, not in minutes. 



Fig. 87.— Sunshine Recorder 
(Courtesy of Cassela & Co., Ltd.) 


VII. Atmospiieimc Electricity, 

The atmosphere is always charged with electricity, and 
many hypotheses have been put forward to explain its 

f presence. It has been ascribed to (1) growth of vegetation, 
2) evaporation of water containing salts in solution, (3) 
friction of the air against the ground, and (I) combustion. 
The fact that powerful atmospheric phenomena are accom- 
panied by rain and hail seems to suggest a connection 
between the excitation of electricity and condensation of 
aqueous vapour. When the sky is cloudy the electricity is 
sometimes positive and sometimes negative. It is nearly 
always positive in line Aveatlier. The electricity of the 
ground is always negative but differs with the humidity and 
temperature of the air. 

VIII. Ea INPALL 

The distribution of rain is an important factor in regulating 
the climate of a place, and a fair conception of the general 
character of the climate can be made from the amount of 
rainfall and its distance from the equator. Certain local 
conditions cause important variations ; they are the soil, 
elevation, exposure to winds and position, i.e. whether on 
the sea-coast or inland. 

The amount of rain which falls in different countries 
varies with the local circumstances, and other things being 
equal, most rain falls in tropical countries where evaporation 
is abundant ; in fact rainfall diminishes from the equator to 
the poles. Under similar conditions the quantity of rain 
decreases with the distance from the sea and increases with 
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the height above sea-level. The average rainfall during the 
south-west monsoon in the coast districts of the Konkan is 
about 100 inches and increases up to about 300 inches on 
the summit of the hills at an elevation of 3000 to 4000 feet. 
Sylhet at the foot of the Assam hills has an average total 
of 157 inches, while Cheeraponjee on the Assam hills, at an 
elevation of about 4000 feet, has an average of 458 inches. 
The following is a statement of mean or normal rainfall in 
India derived from the average of about 2000 stations dis- 
tributed over the whole country : — * 

Cold weather (January to February) 0.99 inches 

Hot weather (March to May) 4.58 „ 

S. W. monsoon (June to September) 34.65 „ 

Retreating S. W. monsoon (Oct. to Deo.) 4.95 „ 


It appears that of the mean annual rainfall, 12 per 
cent, occurs during the dry and 88 per cent, during the 
wet season ; but the ratio differs in different parts of India, 
varying for the dry season from 3 per cent, in Bombay to 
19 per cent, in Bengal, 21 per cent, in the Punjab and 30 
per cent, in Assam. 

The rainfall during the cold weather is due chiefly to 
disturbance in condensation in an upper current ; it is very 
irregular iff its occurrence. The cold weather rainfall, small 
though it may be, is of great economic value, especially over 


a large part of northern and 
central India, as upon it the 
winter crops of non-irrigated 
districts depend. 

The hot weather rainfall 
presents much greater contrasts. 
This rainfall is often accom- 
panied by dust storms and is 
small in amount averaging only 
about 1 inch accompained by 
thunder-storms of great vio- 
lence and intensity, especially 
in Assam,Bengal,Arrakan, Lower 
and Upper Burma. It is of great 
value for the tea crops in Assam 
whore it averages 31 inches and 
in Bengal it favours the early 
spring crops of rice. 

Rainfall is measured by a 
rain-cjcmge which consists of a 
copper funnel leading to a re- 
ceiver. The funnel has a sharp 
rim and is usually 5 inches in 



Fig. 88.— Rain Gauge. 


diameter. The rain having been 

collected into the receiver is measured in a glass vessel 


♦Imperial Gazeteer of India. 
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graduated to correspond with ^(jth of an inch of rainfall. The 
reading is generally taken at 9 A.M. daily, and the instru- 
ment is placed on the ground in an open place with the rim 
about 1 foot above the earth. In time of snow, melt the 
collected snow by adding a known quantity of warm-water 
to it, and the extra water derived from snow is counted as 
rain water. Koughly, one foot of snow may be taken to 
represent an inch of rain. 

IX. Clouds 

A cloud may be defined as a mass of vapour condensed 
into minute water particles which float in the air, differing 
from mists and fogs in occupying the higher regions of the 
atmosphere, one to four miles above the surface of the earth. 
A mist is a cloud near the ground, and a fog is a cloud rest- 
ing on the earth and occurs on the surface of the ground and 
is warmer than the air in contact with it. A cloud is there- 
fore a fog at a greater height. A cloud line is the level 
below which the formation of clouds rarely takes place. 
Clouds have beenclassified by Hildebransson and Abercromby 
as follows : — 

A. Highest clouds, mean height 9000 meteffe. 

(a) 1. Cirrus. 

(h) 2. Cirro-stratus. 

B. Clouds of mean altitude, 3000 to 7000 meters. 

3. Cirro-cumulus. 

(a) 4. Alto-cumulus. 

(h) 5. Alto-stratus. 

C. Low clouds, below 2000 meters. 

(а) 6. Strato-cumulus. 

(б) 7. Nimbus. 

D. Clouds formed by diurnal ascending currents. 

8. Cumulus. Top, 1800 meters ; base, 1400 meters. 

9. Cumulo-nimbus. Top, 3000 to 8000 meters ; 
base, 1400 meters. 

E. Elevated fog, below 100 meters. 

10. Stratus. 

Those marked (a) are detached or rounded forms, most 
frequently seen in dry weather ; those marked {h) are wide- 
spread or veil-like forms, most frequently seen in wet 
weather. 



CHAPTEE XIX 

INFECTION AND CARRIERS OF INFECTION 

By infection is understood the introduction into the body, 
without contact with the patient, of some pathogenic micro- 
organisms which are ca])able of multiplying within it at the 
expense of the host. Diseases depending on such an infec- 
tion are known as “infective” diseases, and are transmissible 
in most instances by inoculation. If the micro-organisms 
are from time to time discharged from the body of the host, 
either with the excreta, secretions, or in some other way, 
the disease becomes “infectious” or “contagious,” according 
to the ease with which another person becomes infected, 
and the material which carries the infection is termed the 
“contagion”. Thus in smallpox the contagion is conveyed 
from person to ])ersoii through the air, and this is therefore 
infectious disease. Ringworm and syphilis require close 
contact for infection to take place ; and are therefore conta- 
gious diseases. In other instances, malaria, infection 
is conveyed by an intermediary, viz., mosquito ; and insects 
which act as intermediaries are known as vectors. Although 
it is customary to draw a line of demarcation between infec- 
tion and contagion, broadly speaking they are much the same, 
and according to the modern sense of the term the so-called 
contagious diseases are infectious. All diseases depending 
on the entrance of a living organism may conveniently be 
classed as infectious. Fomites are substances capable of 
absorbing, retaining or transferring infection. They refer 
to inanimate objects like bedding, clothing, etc. 

Infection may be general or local. In tetanus and diphthe- 
ria, the organisms after infection cause some local distur- 
bance and other general symptoms, and cannot be detected 
in the circulation. In enteric fever, the germs are present 
in the general circulation. In both instances, however, the 
constitutional changes are due to the toxins and not to the 
germs themselves. 

Some persons are peculiarly susceptible to certain 
diseases, others olter some resistance to infection. This 
susceptibility is ])redisposition, which may be natural, 

artiticial, or acquired, and the resistance, as opposed to 
predisposition, is known as immunity. The liability to 
infection also varies in man according to age, sex, climate, 
season, locality and surroundings. But the susceptibility 
of the tissues varies greatly, and infection or invasion of 
the body by bacteria does not occur every time the body 
is exposed. 

Certain terms are used to express the relative prevalence 
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of infective diseases ; they are : (a) Epidemic— 'when a 
number of cases break out by infection from a common 
source at one time and the outbreak is then followed by a 
period of rest. Epizootic is a term analogous to epidemic, 
but refers to diseases of the lower animals, (h) Endemic— 
when a disease is constantly present in certain district 
and is peculiar to that district or locality. Endemic diseases 
sometimes flare up and become epidemic, (c) Sporadic — 
when a disease occurs only in isolated cases, (d) Pandemic — 
when the epidemic is spread over a large area or over the 
whole world. 

Incubation.—After an infection with an organism pro- 
ducing disease, a variable period elapses when the germs 
have not sufficiently developed in the human host and 
consequently no characteristic symptoms of the disease 
are manifested. During this period the ordinary health is 
apparently maintained. This latent period is the ^Uncuha- 
tionperiodP The duration of this period varies, each case 
differing from every other, and depends partly on the 
amount of poison entering the system at the time of infec- 
tion, and also on the resistance offered by the individual. 
During this period the patient may remain perfectly healthy 
or may feel a little malaise. During this incubation period 
a person exposed to an infection requires to be isolated or 
placed in quarantine. This is of great value in considering 
measures for the suppression of infectious diseases. 

The following table gives an approximate statement of 
the period of incubation and the duration of the communic- 
ability of some of the most important microbic diseases 


Disease. 

Incubation period. 

Infective period. 

Cliickenpox 

10 to 12 days 

3 weeks 

Cholera 

a few hours to 5 days 


Dengue 

3 to 6 days 

2 „ 

Diphtheria 

1 to 8 „ 

h „ 

Knteric Fever 

5 to 20 „ 


Influenza 

1 to 4 „ 

2 „ 

Measles 

8 to 15 „ 

4 „ 

Mumps 

12 to 22 „ 

^ 

Plague 

3 to 10 „ 


Smallpox 

12 „ 


Whooping Cough 

4 to 14 „ 



Sources of Infection.— All infectious diseases arise from 
invasion of a susceptible host by organisms derived from a 
pre-existing invaded host. This host is known as the source 
of infection. It may be man or some lower animal. Although 
water, air, food, soil, etc., may also cause infection they are 
really vehicles by which the infection is carried, and not 
actual sources of infection. The fact that most infections 
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are carried direct from man to man, makes the work of sanit- 
arians a task of considerable difficulty. Thus it is more easy 
to i)revent an animal borne disease than one carried by man. 
Preventive medicine is therefore intimately related to socio- 
logical problems. Apart from human beings, infections are 
due to agents not derived from man but from infected animals. 
Thus plague is derived from rats, anthrax from cattle, Malta 
fever from goats, etc. 

Bacteria. — Bacteria or Schizomycetes are minute vege- 
table organisms which are the active causes of infective 
diseases. They are devoid of chlorophyll and multiply by 
simple transverse division or fission and are thus disting- 
uished from the yeasts where multiplication takes place by 
budding or gemmation. The size of bacteria varies, but 
they are all microscopic, measuring from 0.3/^ to 30 to 40/^ 
in diameter or length. Some bacteria are motionless while 
others are more or less motile. The shape is also very 
different ; some are spherical, others ovoid, or rod-shaped, 
etc., and they have been classified into live main groups 
according to their shape as follows : — 

(i) Cocci, — round shaped. 

(a) Bacilli, — rod shaped. 

(Hi) Spirilla,— spiral shaped. 

(iv) Streptothrix, — long and lilamentous. 

(v) Vibrios, — elongated and curved. 

According to whether bacteria thrive upon living or dead 
matter as well as according to their most characteristic 
effect they have been classified for the sake of convenience 
into zymogenic (fermentative), aerogenic (gas producing), 
saprogenic (putrefactive), toxicogenic (poison producing), and 
pathogenic (disease producing) organisms. According to whe- 
ther the organisms grow in the presence or absence of oxygen 
they are classed as aerohes and anaerobes. Some are facultative, 
i.e. are capable of multiplying under either one or another 
condition. Some bacteria are harmless both to animals and 
plants, and apparently under no circumstances give rise to 
disease in either. These are known as saprophytes. Others 
again live on the bodies of plants or animals and produce 
disease ; these are known as parasitic or pathogenic bacteria. 

Each bacterium, when introduced into the body, has the 
property of manufacturing toxins peculiar to itself, and the 
distinguishing symptoms of a disease are due more to the 
toxins than to the presence of the bacillus itself. How the 
toxin is produced is a debatable point. Some hold that it is 
formed from the cell-plasma of the bacillus, others regard it 
as the product of the action of the bacillus on the protein 
substances. The functions of the body may therefore be 
disturbed by the bacteria in two ways : (1) through the 
absorption of their excreted toxins or by the changes 
wrought on the proteins by these toxins (simple intoxication, 

26 
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as in diphtheria), (2) by their growth and the production 
of toxins within the body of the bacteria (infection, as in 
typhoid fever). 

Channels of Infection. — The micro-organisms, whether 
ultra-microscopic virus, bacillus, protozoon or metazoon, of 
communicable diseases enter the body mainly through (a) the 
skin (inoculation), (6) the respiratory tract (inhalation), and 
(c) the digest ive tract (ingestion). The different organisms 
take different channels for entrance into the body, and if 
introduced by a route other than the one to which adapted, 
they fail to gain a foothold. The channels of infection are 
distinct from modes of infection. In cholera the usual channel 
is the digestive tract, but the mode of infection is from in- 
fected excreta, either by direct contact, or through milk or 
some other vehicle. 

1. The Skin (Inoculation). — Generally the contagia of 
glanders, anthrax, vaccinia, tetanus and rabies are thus 
received. Abrasion facilitates infection from syphilis, 
gonorrhoea, etc. Malaria, plague, yellow fever, sleeping 
sickness, lilariasis, etc., are all conveyed by biting insects, 
and inoculate the system with the specific organisms through 
their bites on the skin. 

2. The Respiratory Tract (Inhalation). — Thb chief source 
of infection by inhalation is through air pollution. The dis- 
semination takes place by so-called droplet infection at short 
range from the mouth and nose. It is doubtful whether infec- 
tion can be carried to long distances by the air or wind. The 
only diseases which may be called air-borne are perhaps 
smallpox and measles. Outside air contains relatively few 
bacteria, where they are considerably diluted, and most of 
the organisms pathogenic to man die when exposed to sun- 
light. But the air of ill-ventilated houses and crowded 
places is often surcharged with dilferent pathogenic bacteria. 
For instance, tram-cars, ill-ventilated school rooms, offices, 
etc., and crowded places often contain micro-organisms of 
diphtheria, whooping-cough, measles, influenza, cold, pul- 
monary tuberculosis, etc., in sufficient concentration to 
infect others exposed to these surroundings. During sneez- 
ing, coughing, speaking and other expiratory eflbrts the 
fluid contents of the mouth are sprayed into the air in 
minute particles. These droplets contain the germs of any 
infection that may be in the mouth. This mode of infec- 
tion is known as ‘‘droplet infection.’' 

3. The Digestive Tract (Ingestion). — Quite a large number 
of infections is conveyed from person to person indirectly 
through the medium of water, food, insects, etc. Of these 
water or food when contaminated often carries infection and 
causes epidemic outbreaks. Enteric fever, cholera, and 
dysentery are, as a rule, produced through infection of milk, 
water, or other food. Malta fever is carried through goat’s 
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milk and guinea worm disease (Dracontiasis) follows 
swallowing of infected cyclops. 

Modes of Transmission.— These may be (1) direct, (2) in- 
direct, (3) by carriers, and (4) intermediate or through insects. 

1. Direct Infection, — This is by far the most common 
mode of transference of the infection of a given disease from 
one person to another, and is known as ‘‘contact infection.’^ 
Contact infection plays an important role in the spread of 
diseases whose causative organisms leave the body with the 
different excreta. The discharges from the mouth and nose 
would cause diseases like tuberculosis, measles, influenza, 
common cold, whooping cough, etc., by means of droplet 
infection. Hands and Angers contaminated with the different 
excreta also play an important part in contact infection, for 
instance, in the spread of cholera, dysentery, typhoid, etc. 
Syphilis and gonorrhoea are other examples of direct contact 
infection. Similarly the act of kissing, or the use of con- 
taminated towels, handkerchiefs, pencils, cups, spoons, etc., 
may cause infection by direct contact. 

2. Indirect Infection. — Quite a large number of infec- 
tions are conveyed indirectly through some vehicle, the chief 
vehicles being water and food. Soil and fomites also play 
some part in indirect infection. 

3. Carriers. — After recovery from an infectious disease 
the body usually becomes free from the infecting agent with 
the production of immunity. In other words the body has 
the power of disinfecting itself. In some cases, however, 
the patient is restored to health before the cause of the 
disease has disappeared from the tissues. And in many 
instances even after recovery the living virulent micro- 
organisms continue to live in the body, a condition known 
as “immunity without sterilisation^’. Persons thus harbour- 
ing the infecting organisms are known as carriers. Because 
of the immunity produced such persons do not suffer from 
the disease but infect others. A carrier therefore is a 
person who harbours a pathogenic organism without show- 
ing any sign of the disease. Thus a person may be a 
typhoid carrier, a diphtheria or dysentery carrier, but never- 
theless be in good health. Carriers may be acute or tran- 
sient, chronic or permanent, convalescent, passive or active, 
intermittent, virulent or avirulent. Transient, temporary or 
acute carriers like convalescent carriers harbour the micro- 
organisms for a short period only. Active carriers harbour 
the micro-organisms after an attack of the disease. Chronic 
carriers like permanent carriers continue to harbour the 
micro-organisms for a prolonged period. Passive carriers har- 
bour the micro-organisms without suffering from the disease. 

The detection of the carriers is of great value, since it 
enables one to take proper preventive measures. But it is 
a most laborious and troublesome task, and even when they 
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are detected it is often impossible to take adequate measures 
to isolate them or prevent them from doing mischief. 

4. INSECTS 

Sir Patrick Manson was the first to draw attention to 
the important part played by insects in the transmission of 
disease. Malaria, yellow fever, relapsing fever, dengue, 
sandfly fever, plague, filariasis, sleeping sickness and pro- 
bably kala-azar are all transmitted by the agency of this 
group of the animal kingdom. 

Insects are intimately related to man ; except perhaps 
the domestic animals no single group of animal life enters 
more into the daily existence of man than insects. “They 
live on us and around us ; in our food, our clothes, our furni- 
ture, our houses ; we eat them or their products, we collect 
them and sew them on our clothing.” There are insects 
which are useful, but there are many which affect man in 
other ways. 

The role played by ticks, biting flies and other blood- 
sucking arthropods in the transmission of various diseases 
to mammalia is one of great economic importance. The 
malaria-carrying mosquito, a constant scourge^ of tropical 
and semi-tropical countries, has been shown to be a factor 
in the life history of great nations. The plague flea has 
taken its toll of millions from the human race. Africa, the 
greatest of all the Continents, lies under the ban of biting 
flies, such as the tsetses, which transmit trypanosomiasis. 
Over half a million human beings have died during the first 
ten years of the present century from fly-borne sleeping 
sickness. Thus it will be seen that these invertebrate 
parasites affect profoundly the economic status of the 
present and succeeding generations. 

The ways or means by which insects may carry the 
germs of disease from one host to another are to be carefully 
considered. They may act as passive agents, i.e. may simply 
convey the infection on their contaminated bodies or in 
their excreta. This form of transmission is purely mechani- 
cal, and it is immaterial by what group or species of 
insect it is effected. But the chief interest centres on the 
part the blood-sucking insects play in the propagation of 
different parasitic diseases. Such insects afford a ready 
means of introducing a blood parasite from one animal to 
another. But in some instances it is still debated whether 
the parasite is carried from one animal to another in a 
purely mechanical way, undergoing no change en route, or 
whether, as in the case of the Plasmodia of malaria in 
anopheline mosquitoes, the parasite undergoes a series of 
changes before it is able again to infect the blood of a 
healthy animal. 
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The blood-sucking species of insects belong to the fol- 
lowing Orders : — DIPTEEA, which includes the mosquitoes, 
sandflies and tsetse flies; SIPHONAPTEEA, or fleas; 
ANOPLEUEA, or lice ; and HEMIPTEEA, which includes 
the bed-bug. The face mite, itch insects, and the tick are 
not strictly speaking insects, for they belong to another 
class of the Arthropod a known as AEACIINIDA ; but since 
they act in certain cases as agents in the transmission of 
disease they will be considered here along with the true 
insects. 

General Characters of Insects.— The bodies of insects 
are covered with a tough skin or exoskeleton, and are divid- 
ed into three distinct parts; the head, provided with two 
antennae or ‘‘feelers,” and eyes and mouth parts of variable 
form ; the thorax, composed of three segments, and carrying 
three pairs of legs, and one or two pairs of wings ; and an 
abdomen composed of nine to eleven segments some of which 
may be diflicult to recognise. The endoskeleton is formed 
by the turning inwards of parts of the exoskeleton, forming 
plates forthe attachment of muscles ; and the nervous system 
is represented by a double cord, swellings at intervals, which 
runs throughout the length of the head and body. Insects 
are not provided with lungs, but breathe by means of 
particular organs termed tracheccy the main trunks of which 
extend parallel with one another along each side of the 
body, and communicate ivith the external air by lateral 
openings called spiracles. The digestive system is repre- 
sented by the alimentary canal, which commences at the 
mouth, and runs centrally through the body to the extremity 
of the abdomen.. The sexes of all insects are distinct, and 
they are reproduced fronl eggs. 

The following is a list of the common dLseases carried 
by insects : — 

1. Mosquitoes. — Malaria, tilariasis, yellow fever, dengue. 

2. Fleas. — Plague, typhus fever. 

3. Lice. — Typhus fever, Indian relapsing fever, trench 

fever. 

4. House flies. — Typhoid fever, cholera, dysentery. 

5. Tsetse flies. — Sleeping sickness. 

6. Sandflies. — Sandfly fever, and possibly oriental sore 

and kala-azar. 

7. Ticks. — African relapsing fever, Eocky Mountain 

spotted fever, tick typhus. 

MOSQUITOES OE GNATS 

The mosquito belongs to the Order DIPTEEA, Family 
Culicidse, Sub-family Culicince. Like all the members of this 
Order it deposits eggs, from each of which is produced a larva, 
which afterwards becomes converted into pupa or nymph, 



406 


HYGIENE AND PUBLIC HEALTH 


from which the adult insect emerges. The egg, larval and 
pupal stages are spent in water, and therefore the 

/ . presence of water is essen- 

y tial for the existence of all 

y mosquitoes. 

Y f The species of mos- 

\ 1 1 j I quitoes which are of imi)ort- 

I |[| I ance to a medical man are 

\W / those belonging to the 

genera Anopheles, Cnlex 
Aet/es (S t e go m y i a ). 
Various species of Anopheles 
f r transmit the malaria para- 

i i m W from man to man. Culex 

/ I B f \ fatigans is the most im- 

jr \ 9 § \ portant carrier of Filaria 

^ \ i ( Wucherer/a) h a n c r o f t i . 

ff \ Aedes cegypti (better known 

/ \ S as Stegomyia fasciafa or calo- 

/ \ ^ is vector of dengue 

/ \ and of yellow fever. 

J \ Aedes cegypti 4s a purely 

/ \ domestic mosquito, rarely 

/ \ found far away from towns or 

\ villages, and like other bright 

r.,., on i . . ./a coloiircd mosquitoos it bites 

Fig. 89.— AKDi:s^:GieTi(STKGoMYiA , . n j i i 

chielly during the day, and 
FASCIATAOUCALOPUS) only occasioiially at night. 

Each female deposits from twenty to seventy-five eggs 
at a time, and these float on the surface of the water 
separately, instead of being cemented together to form 
rafts, as is the case with Culex, The eggs are very 
minute, black, cigar-shaped and extremely resistant ; they 
are generally found in cisterns, rain-water barrels, disused 
tins, earthenware pots and other small artificial collections 
of water. Aedes cegypti is recognised by the broad, flat, im- 
bricated scales which completely cover the head and abdo- 
men, and which are also present on the sciitellnm, the scales 
giving a characteristic satiny appearance. It is a beautiful 
insect, strikingly marked with black and white, and the 
most characteristic feature, by which it may be differentiated 
from every other mosquito is the presence of a lyre-shaped 
white mark on the dorsum of the thorax. 

Anopheles and Culex.— The eggs are deposited either on 
the surface of the water, on some moist object floating on 
the surface, or on damp mud near water. 

In the case of Culex hundreds of eggs are cemented to- 
gether in the form of rafts, each consisting of from 200 to 
500 eggs, and easily distinguishable with the naked eye. 
The eggs are about the size of caraway seeds, and are of a 
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brownish black colour. The Anopheles female produces from 
100 to 250 eggs in each batch. They are shaped like little 
boats, and are kept afloat by means of air cells. The eggs 
are deposited singly, without any cement substance, and 
float separately or touching one another in the water, fre- 
quently forming star-shaped or parallel patterns. They are 
difficult to detect with the naked eye, and look like minute 
specks of dust. The typical egg is about 0.7 to 1.0 mm. in 
length, white in colour when first laid, but subsequently 
changing to black. 



Fig. 90.— Oulex and Anopheles Larvsp iii breathing 
position at the surface of water. 

The lavDce emerge from the eggs in from one to three 
days, depending on the temperature, and are large enough 
from the first to be seen with the naked eye. The larva swims 
actively about in the water, and has a flattened head with a 
pair of large eyes, a globular thorax, and an abdomen con- 
sisting morphologically of ten segments, of which however 
only nine can be separately distinguished. The respiratory 
tubes which serve to carry oxygen to the tissues have their 
external openings on the combined eighth and ninth segment. 
The head, thorax and abdomen are pro- 
vided with numerous hairs, the character 
and position of some of these being of 
importance in the identification of species. 

In Anopheles the respiratory tubes open 
directly on the dorsal surface of the abdo- 
men, whilst in Culex and Aedes these are 
prolonged into a projection known as 
the siphon tube. The absence of a siphon 
tube is therefore' peculiar to the larvre 
of AnojAieles. In Aedes these tubes 
are short and thick, while in Cnlex they 
are usually thin and long. Tlie abdo- 
men of Anopheles larvie is provided with 
certain fan-shaped structures known as 
jtahnate hairs, which are attached by a 
short stalk to the outer dorsal surface 
of the segments. Owing to the presence 
of these structures and to the absence 
of siphon tubes they float parallel with the surface of the 




Fig. 91.— Pupa-: of 
M OSQ UITOES.— 1 , C u- 
LEx; 2, Anopheles. 
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water. Ctilex and Aedes, owing to the presence of siphon 



tubes and the absence of pal- 
mate hairs, float below the 
surface of the water, while the 
head and body hang downwards. 
The larvte are very voracious, 
and feed on small aquatic plants 
and animals whilst some species 
are cannibalistic. They cast 
their skins four times before 
entering the pupal stage. The 
larvae of many species of Aedes 
have a smaller head and less 
prominent thorax than Culex, 
and assume an almost vertical 
attitude in the water. Certain 
small species of fish have a 
natural tendency to prey on 
mosquito larvm, which protect 


Fig. 92.— Mosquito. 

A. Proboscis : B, AnteiniJO ; C, 
Palpi ; D, Eyes ; E, Vertex ; 
F, (jcciput ; G, Mesothorax ; 
H, Scutellmu ; 1, Meta- 

thorax ; K, Abdoincu ; M, 
Femur ; N, Tibia ; O, First 
tarsal ; P and Q, Tarsal 
segments ; H, Ungues ; S, 
Fronts ; Egg depositor ; 
V, Ilaltere. 


themselves by taking shelter 
amongst the aquatic weeds. 

The Pupa. — The larva com- 
pletes its dcvelo])ment in about 
8 to 10 days, when a new 
creature known as the pnpa> or 
nymph is formed from it. This 
is shaped like a comma and 
is lighter than water, on the 
surface of which it floats and 


moves about actively. It has a globular body, which includes 
the head and thorax, and a 


small tail. It has no mouth, 
and therefore cannot feed ; 
it breathes by means of two 
small tubes, one on either 
side of the thorax. In about 
24 to 48 hours the pupa 
case splits and the adult 
insect or Imago emerges. 
Just previous to- this the 
pupa becomes straightened 
out and lies flat on the 
surface of the water, the 
empty case subsequently 
acting as a raft on xvliich 
the mosquito rests until its 
wings have dried. 


Fig. 93.— Culex (female). 



The Imago.— The adult mosquito has a rounded head with 
prominent eyes. The head is attached to the thorax by 
a narrow neck, and carries the sensory and suctorial 
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organs. On either side and in front of the eyes are the 
antennae or ‘^feelers. 

These are long segmented 
structures provided with 
hairs. The suctorial and 
piercing organ is the pro- 
boscis, which consists of 
the lahrum-epipharynx or 
upper lip, two mandibles, 
two maxillcB, the hypopha- 
rynx (through which runs 
the salivary duct) and the 
lahinm or lower lip. The 
labium forms a groove, 

Avhich ensheathes all the 
other mouth parts, except 
the palpi. The thorax 
carries a pair of wings 
and three pairs of jointed 
legs which are attached 
to the under surface. 

The anterior portion of 
the thorax is known as 
the prothorax, the middle 
portion the meso-thorax, 
and the posterior portion 
the meta'thorax. By far 
the greater part of the 
thorax is made up by 
the meso-thorax, the other 



Fio. 94 .-~Anoi>uelks fluviatilis 
(listonii) (female). 

two segments being greatly 



Fig. 95 — Nesting position 
OF Anopheles. 


Fig. 96.— Resting position 

OF COLEX. 


reduced. A prominent ridge, known as the sctitellum, lies 
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transversely across the upper surface of the thorax pos- 
teriorly. This is bar-shaped in Anopheles^ but trilobed in 
Ciilex. The abdomen consists morphologically of eleven 
segments, but only seven or eight are easily distinguishable. 
The ninth and following segments in both the male and 
female are considerably modified to form the external geni- 
tal organs. The anal opening is situated at the tip of the 
abdomen. 



1 2 3 4 

Fro. 97.— Head & tuorax of Fig. 98.— Head & thorax of 

CuLEX. 1, .Male ; 2, Female. Anopheles. 3, Male; 4, Female. 

Anopheles mosquitoes when resting assume an attitude with 
the body at an angle with the surface on which they are sitting, 

and with the proboscis 
in line with the body. 
Culex mosquitoes, on the 
other hand, assume a 
hump-backed attitude, 
with the body more or 
less parallel with the 
surface on which they 
are resting, and with 
the proboscis not in line 
with the body. Other 
points of dift'erence be- 
tween Anopheles and 
Culex will be found in 
the table at the end of 
this section. 

Habits of Mosquitoes. — Different sj)ecies of mosquitoes 
vary widely in their habits. Home forest species feed almost 
exclusively on wild animals, and rarely enter houses. Others 
feed principally upon the blood of cattle and other domestic 
animals, rarely biting man, Avhilst others again (and among 
them the most dangerous malaria carriers) show a marked 
preference for human blood. It must not be concluded that 
because an engorged mosquito has been caught in a cattle- 
shed it has necessarily fed on the animals stabled therein ; 
on the contrary, it is frequently found that such mosquitoes 
contain human blood. This is especially the case in the 



5 G 

Fig. 99.— Head and Thorax of Aedes 
5, Male ; G, Female. 
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tropics, where it is a common practice to cook food in the 
houses. The mosquitoes are driven out by the smoke, and 
take refuge in the nearest convenient shelter, which is fre- 
quently a cattle-shed. A study of the blood-feeding habits 
of the various species of Anopheles is of great importance, 
for the amount of malaria present in any locality is largely 
determined by the degree of contact between man and the 
mosquito. 

Male adult mosquitoes feed exclusively on vegetable 
juices, and take no part in the spread of disease, but the 
females are blood-suckers, and this is why their proboscis 
is moditied for piercing the skin. It takes about a minute or 
so for the mosquito to fill her stomach, and with every bite 
she injects a quantity of salivary fluid, which sets up local 
irritation and inflammation. This is said to keep the blood 
fluid, thus rendering it more easy of digestion. A blood meal 
is necessary before the female can produce a batch of eggs. 

A single female will deposit several batches of eggs in 
one season, each consisting of some hundreds ; and the newly 
hatched insects will themselves produce eggs within a week 
or so of their emergence from the pupa case. Generally the 
female selects water for oviposition in which there is a good 
supply of food for the larvae. 

During the day-time mosquitoes as a rule select shady 
places in which to rest and avoid the sun. They hide them- 
selves under the leaves of trees and bushes, in tree-holes, in 
dark corners or cupboards in houses, in cowsheds and sta- 
bles, frequently among the thatch, and in other places where 
there is shelter from sunlight, wind and cold. They are 
most active just after sunset and just before sunrise, but 
some species bite in the day-time, especially when the 
weather is cloudy or in the deep shade of forests. Mos- 
quitoes are especially voracious when the relative humidity 
of the atmosphere is high. 

In countries where the winters are cold all the male 
mosquitoes die ott‘, but the females hibernate in sheltered 
places. Some species hibernate in the larval or in the egg 
stage. In certain parts of the tropics the adult females 
pass the hottest months of the year in a very sluggish state, 
hidden away in tree-holes, thatch, etc. This is known as 
cTstivation. Mosquitoes in this condition will not deposit 
eggs, even if artificial breeding places are provided for them. 

Range of Flight. — This subject is of great practical im- 
portance, for in planning anti-larval measures it is most 
necessary to know the size of the area over which control 
must be practised. Where the food-supply is abundant ano- 
phelines will rarely fly farther than is necessary for them to 
obtain a blood meal ; but there are various factors which in- 
fluence the range of flight. The distance of spread from 
breeding places varies directly with the intensity of breed- 
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ing*, and inversely with the density of habitations in the 
vicinity. The direction of the prevailing wind, the presence 
or absence of a belt of forest, and the species of Anopheles 
concerned have also a marked effect, the larger species 
usually flying greater distances than the smaller. As a 
general rule it may be stated that the average normal range 
of flight rarely exceeds one-half to three-quarters of a mile, 
but where breeding is profuse, habitations scarce and the 
direction of the wind favourable, anophelines may penetrate 
to distances of to 2 miles from their breeding places, or 
even farther. 

Breeding Places of Mosquitoes.— Whilst all mosquitoes 
deposit their eggs on water, the different species show a 
wide variation in their choice of breeding place. Ctilex 
mosquitoes frequently breed in cesspools, gully traps, drains, 
masonry tanks, earthenware vessels and other collections of 
water in and around houses, stables, etc. 

Aedes ceijjjpli is notorious for selecting any kind of arti- 
ficial receptacles containing water for depositing its eggs. 

Anopjheles on the other hand usually prefer clean fresh 
water, and this is particularly the case with most of the 
most dangerous malaria carriers. The larvse of some species 
are found chiefly in still waters, such as swamps and ponds; 
others prefer running streams, pools in connection with 
streams, or irrigation channels. Some comparatively rare 
species breed in water collected in tree-holes; others again, 
as for instance. A, stmdaicus^ the notorious malaria vector of 
the Andamans and Burma coast, breed in salt or brackish 
water. A. stephensi is well-known as being the principal 
urban malaria carrier in India, and breeds freely in wells, 
cisterns, fountains and garden tanks, though its larvm are 
also found in rural areas in the beds of streams and else- 
where. It is the only malaria carrier in India which is able 
to adapt itself to the conditions of life obtaining in cities. 
A. suhpicftis will breed practically in any collec- 

tion of water, even when heavily contaminated with sewage. 

The various species differ also in their preference for 
sunlight or shade as regards their breeding places, a matter 
of vital importance when measures of control are under 
consideration. Thus A. umlyrosiis breeds in water protected 
by deep shade, whilst A, maculatns, A, minimns and A. stin- 
daicHs prefer bright sunlight. Hence the indiscriminate 
cutting down of jungle may in certain localities merely 
provide excellent breeding places for dangerous malaria 
carriers. 

The following species of Anophelines are the principal 
carriers of malaria in India : — A. ctilicifacies, A. stephensi, A. 
fluviatilis, A. minimtis, A. sundaicus, A. maculatus. 

Some observers in Bengal are of the opinion that A, 
philippinensis and A. annularis play an important part 
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in the transmission of malaria in certain areas of that 
province. 

The distinguishing characters between Anopheles and 
Ctilex are given in the following table : — 


Stage of Ijife 

Anopheles 

Culex 

Egg, or ovum 

Boat-shaped 

Laid singly, and often 
form patterns on 
surface of water. 
Usuall y found in fresh 
clean water. 

Cigar-shaped. 

Found cemented to- 
gether in rafts. 

Usually found in still 
water, often collec- 
tions of dirty water 
in and near houses. 

Larva 

Has no siphon tube. 

Lies horizontally Avith 
surface of water. 
Has palmate hairs 
(except A. umhrosus) 

Has conspicuous si- 
phon tube. 

Lies at an angle with 
surface of water. 

Has no palmate 

hairs. 

Pupa, or nymph 

Not easily distinguishable 

Adult, or imago 

Body at an angle with 
surface on which it 
rests. 

Proboscis in straight 
line Avith body. 

Scutellnm bar-shaped. 

Abdomen often not 
scaled ; scales if pre- 
sent not closely im- 
bricated. 

Palpi of female as 
long as proboscis. 

Palpi of male clubbed. 

Wings usually 
spotted. 

Body more or less 
parallel with sur- 
face on Avhich it 
rests. 

Probo.scis not in 
straight line with 
body. 

Scuteilum tri-lobed. 

Abdomen always 

clothed with dense 
layers of closely 
imbricated scales. 

Palpi of female al- 
ways shorter than 
proboscis. 

Palpi of male not 
clubbed (except 

Theohaldia,) 

Wings usually un- 
spotted. 


The following species are considered to be the principal 
malaria carriers in countries other than India : — 

Asia 

China, — minimus^ maculatus, hyreanus. 

Dutch East Indies, — sundaicus^ aconituSy maculatus y hyr- 
eanus y kochi. 
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Malay States, — maciilatus, snndaicAis, umbrosus, aconittis, 
Philippi ne Islands , — minimus. 

Meso p o tain ia , — superpictus, stephensi . 

America 

N o r th , — quadrimacti hit us y puncUpenn iSy crucians. 

Central, — tarsimaculatusy alhiman us . 

Mouthy— alhitar sis, argpritarsis, pseiidopunctipennis. 

Africa 

la^ovthy — hifurcatus, serffentii, clutus, algericnsiSy super- 
pictuSy multicolor, rhodesiensis. 

Central, East and West, — gamhim Ccostalis^’), funestus, 
Europe, — macuUpennis, superpictus. 
Australasia, — punctulatus, annulipes. 


SANDFLIES 


These insects are the carriers of sandfly fever, a disease 
which is characterised by fever of short duration, usually 
lasting from three to five days. The fever was described by 
Colonel Birt from Malta and Crete as phlebotomus fever. 
It occurs in India in an endemic form in Chitral^nd sporadi- 
cally elsewhere. It is probable that Phlebotomus argentipes is 
the insect vector of kala-azar in Bengal. It is xiossible that 
oriental sore may be transmitted through the agency of 
sandflies. 

There are two distinct species of insects popularly known 
as sandflies : (1) The Simulium, 
belonging to the family Simuliidce, 
commonly known as Black-flies or 
Buffalo-gnats, and (2) the Fhlebo- 
tomusy or true Sandflies or Owl- 
midges. 

The Simuliidae.— These are 
small, thick-set, dark-coloured flies, 
though in hot climate they are 
sometimes light-coloured. They have 
a hump-backed appearance and 
are provided with short, thick, 
cylindrical antennte of eleven 
segments each. They have a pecul- 
iar dancing flight, and the females 
are blood-suckers. The larvse live 
in running waters, they are vermi- 
form with swollen posterior ends, 
and are provided with two fan- 
shaped cephalic plumes which 
vibrate in water in the act of conveying food to the mouth. 
They adhere by their hind-part to aquatic herbs and stones. 



Fig. 100.— The Simulium. 
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and spin threads which by anchoring them to suitable pro- 
jections protect them from being carried away. When full- 
grown a cocoon is formed into which it pupates. They are 
common in all temperate climates, but 
in tropical countries are more plentiful 
in high altitude. The females are vora- 
cious blood-suckers and usually bite the 
larger animals. They fly long distances 
to obtain a meal of blood. Simuliiim 
damnosum is the carrier of Onchocerca 
volvulus in West Africa. S. reptans is 
found in Europe. N. indicum is the 
^‘pipsa’’ fly of India. 

The Phlebotomus. — This includes 



Fig. 101.— Larv^i: 

OF SlMULlUM 


Phlehotomus papatasiif 1\ chinensisy P. sergentiy P. niimitus 
and P. argentipes. Whittingham and Eook of the Sandfly 
Commission, have shown that the virus of the sandfly fever 
is handed on from generation to generation. In fact the 
fever was transmitted to man by the bites of phlebotomi 
bred in sterile soil in England. The following description 
is based on the work of Whittingham and Eook.* 

Phlebotomus papatasii is a small midge 3 mm. in length, 
delicate build, and thickly covered with fine, long hairs. 
The body is of a pale lemon tint. The eyes are relatively 
large, black, and conspicuous. The antenme are long, filiform 
and consist of sixteen segments. The proboscis is long 
and contains delicate piercing organs ; on either side the 
bushy labial palps are folded back on themselves to protect 
the proboscis. The wings are hairy and lanceolate. They 
are held erect in a characteristic attitude resembling deer^s 
ears, except when newly .hatched or shortly before death. 

The female is recognised by the spindle-shaped abdomen, 
while in the male the presence of the external genitalia 
gives the posterior extremity of the abdomen the appearance 
of the tail of an aeroplane. 

The Ovum— It is 0.385 mm. long, 0.12 mm. broad, ovoid 
in outline, being convex dorsally and flattened or slightly 
concave ventrally. Its surface is moist, glistening and when 
fresh of a pale yellow colour. It soon becomes opaque, and 
daily for eight days, changes colour, passing from light 
to dark brown, and then to sepia. During this period the 
surface markings on the egg appear. The egg matures in 
nine to ten days in summer, and under favourable atmospheric 
conditions the larva emerges within five minutes of the first 
appearance of the head through the egg-shell. Excessive 
moisture retards this process and may even cause death. 
Drying is more injurious than moisture. 

Th^e Larva. — This consists of a head and twelve body seg- 
ments. The head is furnished with strong jaws. Through- 
* British Medical Journal, Dec, 15, 1923. 
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out the whole larval stage a white Y-shaped mark and a 
pair of small anteniue are seen on the back of the head 
(c, Fig. 102. B.). Both the head and the body are hlled with 
short, white or yellow hairs. 



B 


Fxg. 102. “A, Fertilised Ovum showing Fig. 103. 

ruptured egg-shell and the Larva em- Kmergenoe of Imago 

orging. B. The Ijarva of Sandfly. from Pupa case 

(Wiiittinghaiii and Rook) (Whittingham and Rook) 


For the flrst five days of life the larva feeds voraciously 
and rapidly grows in size. The larva goes through a series 
of moulting, and pupation occurs at the end of the fourth 
month. 

The pupa . — The length of 



Fig. 104.— Female Phlebotomus 
(2) Same Natural size 
(After Aloook).) 

skin and the pupa emerges. ^ 
The newly emerged pupa is 


time between the hatching of 
the ovum and pupation may 
be 24 days, and if the insect 
hibernates, it may be as long 
as 202 days. 

The larva gradually emp- 
ties its gut for two and three 
days before pupation. An ex- 
cess of moisture, or an earth 
temperature below 65° F. 
retards this process. During 
this time it seeks a drier spot. 
The surface of the body looks 
bloated, dull, wax-like and 
semi-transparent ; and the 
insect becomes very sluggish. 
After several slow arching 
movements the chitinous head 
covering separates on the 
dorsum from the rest of the 

3 mm. in length, clubshaped, 
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moist, glistening and of a milk-white colour. The head and 
the thorax appear fused into one mass and forms the head 
of the club. By the ninth day of pupal life the component 
parts of the imago are seen, and pigmentation of the eyes 
and hairs becomes marked. 

The Imago . — The newly hatched imago is snowy white 
except for the black piercing eyes. The body and wings 
are covered with long downy hairs. The wings are moist, 
crumpled up, and held horizontally over the body. When 
the wings are dry they are raised at an angle of 45® above 
the body, and the insect is able to fly and ready to feed. 

When disturbed they jump to one side, almost like a flea, 
a characteristic movement of the sandfly. 

Like mosquitoes, the males are harmless, but the females 
are blood-suckers, and being of a smaller size they have 
the advantage over mosquitoes in getting through ordinary 
mosquito netting. They avoid light and bite chiefly at 
night, and in shady places during the day. They ordinarily 
bite the wrists and the ankles even through the socks and 
light clothing. The actual bite is not felt ; the pricking 
sensation is caused by the injection of saliva which takes 
place a few seconds later. The saliva delays the clotting 
of the blood which is sucked up and appears in the stomach 
within ten seconds. 

They are generally to be found in or near bathrooms, 
near the floor, under bricks and stones, and in damp, shady 
places. They breed in the droppings of chickens, and in 
places where vegetable organic matter like food refuse is 
undergoing decomposition, particularly in the drains adjoin- 
ing cookhouses. 

Protection against sandfly is very difficult, and was almost 
impossible during the last war. Large numbers are killed 
by fumigation with sulphur or spraying with formalin or 
cresol. Essential oils, chiefly oil of cassia, are effective as 
long as the smell lasts. Fine-mesh (22 holes to the linear 
inch) mosquito net affords a real measure of protection. 
Good walls and floors, occasional painting and varnishing 
of all doors and windows are worth trying. 

CHIEONOMIDiE OE MIDGES 

These little blood-thirsty insects belong chiefly to the 
genus Ceratopogon ; they are found in most parts of the 
world, and are very annoying to man. Midges are distin- 
guished from the mosquitoes by their small head, short 
proboscis, and by the absence of scales on the body and 
wings, and by a different venation. In their resting attitude 
they raise the forelegs and hold them up in front of the head, 
while the mosquitoes raise the hind ones above the thorax 
and abdomen. They are extremely small flies, males being 

27 
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somewhat larger than females. They are blackish or greyish- 
brown in colour, with wings often hairy and frequently 

speckled with greyish-brown blot- 
ches. When at rest with the wings 
closed one over the other, they look 
like blades of a pair of scissors. 

With the exception of one variety, 
which is terrestrial, all the other 
species lay eggs in water which 
pass through the same stages as 
those of the mosquito. The larvre 
Fig. 105.— Midge. Qf terrestrial variety feed on 

(Ceratopogon.) rotten vegetable matter. How far 

these are responsible as carriers of disease is not settled. 

Patton has described a new Indian blood-sucking midge 
common in Madras, which ho has named Culicoides kieff’eri. 



FLIES 

Flies belong to the family Muscidce, and the common 
house-fly and blue bottle are familiar to all. They belong 
to the order Diptera and are the most widely distributed of 
all insects. The house-fly is a quarter of an inch in length, 
mouse grey in colour, with four narrow black stripes on the 
thorax. The proboscis ends in a pair of fleshy lobes and 
when not in use is folded away into a cavity under the head. 
This proboscis is merely adapted for sucking food and is not 
capable of piercing the skin. 

The female deposits her eggs only in materials that will 
provide food and a home for the maggots. The food mate- 
rials must be such as can be 
easily swallowed, moist and 
warm. It cannot breed in per- 
fectly dry materials. Normally 
it breeds in decaying refuse of 
all sorts, and is especially 
partial to horse manure. It also 
breeds freely on human excreta, 
which makes it very dangerous 
to human beings, carrying as it 
does the germs of intestinal 
diseases. A female house-fly will 
lay as many as 120 to 500 eggs 
at a time. Taking the egg batch 
to be 120 eggs in each case the 
progeny of a single house-fly will 
number 432,000 in seven weeks, 
i.e. in three generations, taking the time of development 
from egg to fly as seven days (Austen). Each house-fly 
passes through the four following stages : — 

1. The Egg or Ovum.— The eggs are glistening white, 



Fig. 106. 

The Pupa and Larva of 
House-Fly. 
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about ^ in. to 20 length and look like tiny grains of 

polished rice under a fairly strong hand-lens. They are 
usually laid one on top of another. Each female lays from 
120 to 500 eggs at a time and may deposit live or six such 
batches during its life. Thus each female may produce 600 
to 900 eggs. The subsequent development depends upon 
the temperature of the air, and the character and the tem- 
perature of the food. 

2. The Larva or Maggot . — The eggs hatch into tiny 
white, legless maggots within 8 to 24 hours. They grow 
rapidly and burrow into the food material on which they 
feed. They are about ^ in. in length and develop within 
2 to 4 or 5 days. The maggots shun the light and disappear 
during the day but come to the surface and move about at 
night. During the development of the larva it migrates 
to dry earth without which it cannot pupate. This is an 
important point which should be taken into account when 
considering measures for the prevention of breeding of flies. 

3. The Pupa or Chrysalis.— The full grown maggot is 
followed by this stage which extends from 5 to 7 days under 
favourable conditions, but may extend to four weeks or 
more. It is passed within a barrel-shaped puparium or 
shell, usualy about 4 In- in length. It is at first of a pale 
yellow colour, but becomes successively red, brown and 
finally black. 

4. The Adult Fly . — The newly hatched fly is lacking 
in colour, has a wizened or shrunken appearance and is 



Fig. 107.— The House-Fly. 

incapable of flying. It is provided with a sac on the front 
of its head which by alternate expansion and contraction 
helps the fly to escape from the puparium. The sac is 
subsequently withdrawn inside the head and cannot be seen 
any more. The wings spread out soon, the outer covering 
of the body and legs harden and the fly looks quite normal. 
Excepting the important group of blood-suieking muscidae, 
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flies, as a rule, cannot bite, and therefore are not blood- 
suckers. They, therefore, act as carriers of disease in a 
purely mechanical way either through their faeces, vomit, 
legs, and other surfaces of the body. The infection remains 
36 hours on the legs, 8 days in vomit, i.e. in the proven- 
triculus, and 18 days in faeces. It has been proved that the 
fly is capable of carrying B, enteritidis (Gaertner) for eight 
days ; B. prodigiosus up to seventeen days ; B. tuherculosiSy 
when infected by feeding on tubercular sputum, for seven 
days ; B, anthracis for five days, and spores for at least 
twenty days; and B. diphtherice for twenty-four hours. Cysts 
of E. histolytica have been found in the faeces of flies twenty- 
four hours after a meal on infected faeces. 

No method of sanitation is perfect that does not limit 
or destroy their breeding places, and also prevents or limits 
their access to excreta, and protects articles of food, both in 
public and private places, from their contact. The presence 
of flies indicates that there is abundant food or good material 
for the deposition or hatching of eggs in the vicinity. 

Certain kinds of adult Mtiscido? bite and suck the blood 
of man and animals. Their trunk undergoes transformation 
into a rigid tube of variable length which extends horizon- 
tally from the under-surface of the head and serves to pierce 
the skin. The most important of these biting flies are the 
Stomoxys calcitrans, which act as carriers of Trypanosoma 
evansiy causing surra in animals ; the Chrysops dimidiata and 
C. silaceUy which act as intermediary host of Loa loa ; and the 
tsetse fly which acts as the carrier of the parasite trypano^ 
some, giving rise to sleeping-sickness. It was formerly sup- 
posed that the parasites were conveyed in a purely mechani- 
cal way, carried in the insecPs proboscis, but observations by 
Kleine and Bruce tend to prove that in addition to mechanical 
transmission, the glossina serves as an alternate host in a 
purely biological sense, and that the trypanosome, after 

entering the intestinal 
canal of the insect 
undergoes develop- 
mental changes which 
enable it subsequentely 
when opportunity offers 
to effect a lodgment in 
some vertebral host. 

The Stomoxys.— In 
appearance it resembles 
the domestic fly, from 
which it is distinguished 
by the horizontal rigid 
shining black proboscis 
projecting like an awl in front of the head. It is non-retrac- 
tile. The Stomoxys calcitrans is the common stable fly. It 
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is found all the world over, living near stables and cattle- 
sheds. It can be identified by the eyes, kidney-shape in 
profile, and the dark rounded spots in the form of a triangle 
on the abdominal segments. The palpi are short and not pro- 
tecting the proboscis, and the wings diverge at an angle 
when resting. The fly is a very voracious blood-sucker and 
never quits inhabited places. The larvje look like maggots. 
In the course of two to three weeks they change into pupfe 
which develop in a fortnight. 

The GlossinsB. — The study of tsetse flies and the diseases 
disseminated by them is not only of scientific interest, but 
of great practical importance. This is evident from the fact 
that some thousands of the natives of Uganda have died from 
sleeping-sickness alone — a disease disseminated through the 
tsetse fly. Austen characterises the tsetse fly as follows : — 

“Tsetse may be described as an ordinary looking sombre, 
brownish, or greyish or brown fly varying in length from 3^ 
to 4 lines in the case of Glossina morsitans to about 5^ lines 
in that of Glossina fusca or longipenniSy with a prominent 
proboscis in all species. The hinder half of the body or abdo- 
men in the best-known species, though not in all, is of a paler 
colour and marked with sharply defined dark brown bands 
which are interrupted in the middle line ; the abdomen how- 
ever is invisible when the insect is at rest, as it is then con- 


cealed by the wings. The sexes can readily be distinguished 
since in the male the external genitalia form a conspicuous, 
knob-like protuberance (hypopygium) beneath the end of the 
abdomen, which is absent in the female.” When in a resting 
attitude the wings overlap on the back, crossing each other 
like the blades of a pair of scissors and project beyond the 


abdomen, and thus differ from 
storaoxys and the domestic fly. 
This not only gives the fly an 
elongated appearance, but 
serves to distinguish it from 
other blood-sucking diptera. 

GlossincB do not lay eggs 
like most other flies; the larvm 
attain their full growth in the 
ovary, and after being passed 
do not feed but pass into the 
ground and become pupje. The 
larvse are deposited in the 
vicinity of rotting vegetation, 
especially near the roots of 
plants and trees. G. palpalis 
is found in boats and canoes, 
and frequently it will crawl 
out and bite the legs ; and as i 



Fig. 109.— Tsetse Fly. 
flies low it often bites either 


the ankles or the legs, unlike the higher flying G. morsitans^ 



422 


HYGIENE AND PUBLIC HEALTH 


which attacks the upper part of the body, the head or 
the neck. G, palpalis is the conveyer of Trypanosoma gam- 
hiense, while G. morsitans is the vector of Trypanosoma rko- 
desiense, the cause of Ehodesian type of sleeping-sickness. 

Tsetse flies are confined to Africa and the shores of the 
Arabian Sea; they are found along the banks of rivers, 
springs, coasts of lakes, open pools, and sandy banks, espe- 
cially at the foot of mountains. The tracts occupied by the 
flies are known as “ fly belts.^’ 

Tsetse flies are voracious blood-suckers, exhibiting great 
persistency in their attacks on man and animals. They bite 
almost exclusively during the day. The bite is rather pain- 
ful, and unless infected produces no subsequent local effects. 
The flies become infective about twenty to thirty days after 
feeding and remain infective for seventy to eighty days, 
and probably for the rest of their lives. In biting a patient 
suffering from sleeping-sickness it sucks up with the blood 
some of the trypanosomes which then undergo develop- 
mental changes within its gut. After certain changes in 
shape and multiplication in number the organisms And their 
way into the salivary glands, when opportunity offering 
they are injected to fresh individuals. Contrary to what is 
the case among horse-flies {Tahanidce)^ Simulnclw^ and mos- 
quitoes {CuUcidce)j of which the female alone suck blood, in 
the tsetse both sexes are blood-suckers. 

Besides these, certain larvre of dipterous insects like 
screw-worm, or sarcophagidse, cause myiasis in man. The 
larvm are deposited in open wounds and in the ear and 
nasal fossae, especially of those having offensive discharges, 
which attract the fly. They flx and burrow in the tissues 
giving rise to pain and blood-poisoning which may end 
fatally. 

Protection against Flies. — The fly should be regarded 
as a creature of disgusting and dangerous habits and should 
not be tolerated within the dwellings or on the food any 
more than a plague-stricken rat. Therefore every precau- 
tion should be taken to prevent the fly nuisance. The follow- 
ing golden rules advocated by Austen are worth remember- 
ing:— 

1. ‘‘ It is better to prevent house-flies from breeding 
than to permit them to breed unchecked and then endeavour 
to kill the resultant broods after they have invaded houses 
or other habitations.^’ 

2. No system of sanitary control can be regarded as 
efficient which allows house-flies to have access to materials 
containing, or possibly containing the germs of disease.” 

A. Measures against Eggs, Larvce and Pupce. — Since flies 
breed in filth and dung or decayed animal or vegetable 
matter, measures should be taken to remove refuse, espe- 
cially stable refuse, daily. Horse manure being the most 
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favourable breeding ground, requires careful manipulation, 
The best method of disposal is of course by incineration. 
Where this is not possible, especially in dry weather, the 
manure could be dried in the sun in thin and even layers, 


which could be collected and burnt in heaps. 

It is rather difficult to control breeding of flies in ordinary 
domestic manure heaps. But one can reduce the number by 
collecting and destroying the eggs or larvae as advocated by 
Capt. Marrett. One way is to mark out the spots where 
flies are seen ovipositing and later to burn the cluster of 
eggs. Another method is to catch the larvae in special traps 
during their migration to cool spots suitable for pupation. 

A large number of chemicals has been used and ad- 
vocated to kill the maggots or eggs, but most of them have 
proved useless. Thus for the prevention of breeding in any 
material, bleaching powder is absolutely useless. A 5 p.c. 
solution of cresol, borax (| lb. dissolved in 2 to 3 gallons of 
water) and powdered hellebore {Veratrum viride) however 
are quite useful. These substances when applied in suffi- 
cient quantity prevent hatching out of adult flies. 

The most difficult part of an anti-fly campaign is educa- 
ting the public to dispose of all household and kitchen refuse 
properly. No amount of screening, trapping, or poisoning 
will make up for careless disposal of filth and waste, which 
should be disposed of either by burning or by dumping. The 
disposal of human excreta in a way that will prevent breed- 
ing of flies is of extreme difficulty. Unless fly proof buckets are 
used and the night-soil is removed in well covered receptacles 
it is almost impossible to prevent the fly nuisance. Disposal in 
shallow trenches often affords an excellent breeding ground 
and the larvm hatched- out in the excreta easily 


find their way to the surface. Deep trench 
latrines covered with fly-proof seats (see page 
268) are more useful when properly managed. 

It is almost impossible to prevent breeding of 
flies in the latrines of private houses, where 
the pail contents are removed only once in 24 
hours. If, however, each person using the 
latrine covers up his excreta completely with ; 
earth or sand it will prevent access of flies. Fig. 110. 
Simple, though this precaution is, it is a matter Fly-Trap. 
of extreme difficulty to make people observe it in practice. 


Liberal use of crude oil is more efficacious. 


B. Measures against Adult FZies.— Inspite of precautions 
to prevent the breeding of flies there will still be flies and to 
spare. These measures are, therefore, used for the destruc- 
tion of the adult house-flies. 

Flies are killed in many ways, by adhesive fly-papers, 
fly-traps, poisons, spraying fluids, petrol fumes and fly-killers. 

The usual poisons are formalin, sodium arsenite and 
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pyrethrum powder. A poison, harmless to man, is made by 
mixing together one dessert spoonful of commercial formalin 
with one pint of lime water. A little sugar, honey or treacle 
may be added. This mixture is put in a cup or tray and 
then placed in kitchens, dining rooms, etc. To be effective 
no other food should be accessible to flies. Sodium arsenite 
is a powerful poison and should be used with caution. It 
can be used on a small scale indoors or may be sprayed on 
to manure heaps. Leafy branches may be soaked with the 
solution and suspended in the vicinity of latrines and other 
places where flies congregate. Usually 15;^ grs. of sodium 
arsenite is dissolved in 3^ oz. of water to which a little 
sugar or gur is added. In the form of spray or fume this 
solutionis very useful in killing flies in huts, tents, buildings, 
etc., in the evening after the flies have settled down for 
the night. 

Fly-papers or ^'tangle foot^’ are made by heating together 
five parts of castor oil and eight parts of resin powder and 
then spreading in thin layers on glazed paper. This is 
effective as long as it remains “tacky.’’ 

Fly-traps are very useful in destroying adult flies and 
several varieties are now obtainable. A very convenient 

form has been devised by Col. 
Balfour in which the flies 
enter through a narrow slit 
on the side and once inside 
they seldom find their way 
out. These are subsequently 
killed by fumigation. An ordi- 
nary trap consists of an outer 
cone or cylinder of wire gauze 
with an inner cone of the same 
material having an opening 
at the point and supported on 
short legs. The trap is baited 
with stale eggs, spoiled bana- 
na, or gur (treacle). The flies 
seek the bait and enter the 
larger cone through the open- 
ing in the inner one and are 
unable to find their way back. 
The small traps are intended 
for indoor use, and the large 
ones are placed outside on the 
street. 

PULICID^ OR FLEAS 

Fleas belong to the order of Siphonaptera, and they differ 
from other insects in not possessing any wings and in having 



INFECTION AND CAREIEES OF INFECTION 425 


a form and structure profoundly modified in consequence of 
their parasitic habits. They have a body flattened laterally, 
consisting of head, thorax, and abdomen. The head is united 
behind to the thorax. The limbs are long and spiny, and the 
foot has five joints, which end in hooklike processes called 
claws turned in opposite directions. The anterior limbs are 
inserted nearly underneath the head and are more slender 
th^an the posterior ones. ‘^The beak is composed of an ex- 
terior jointed sheath, having inside it a tube, and carrying 
underneath two long sharp lancets, with cutting and sawlike 
edges. It is with this instrument that the flea pierces the 
skin, and both males and females suck the blood.” 

The relation between the different species of flea and their 
host is not a close one. In the absence of the host the 
flea will feed on the blood of other hosts, which may be of 
the allied species or entirely different. Thus in North 
China, Pulex irritans normally lives on the blood of the 
dogs but in the absence of dogs bites man. In Madras, 
Ctenocephaius felis will attack man, although it is the 
common flea of cat and dog. Similarly the plague flea, 
Xenopsylla cheopis, will readily bite man in the absence of 
its normal host, the black or brown rat. This power of 
adaptability to live on the blood of man in the absence of 
its normal host, the rat, makes the flea a powerful trans- 
mitter of the plague bacillus from rat to man. 

The males are distinguished from the females by being 
smaller and having abruptly uptilted tails formed by the 



Fig. 112. —Xenopsylla cheopis. Fig. 113.— Ctenocephalus canis. 

end of claspers and by the large coiled-up penis. The females 
have no up-tilted tails but possess a curved receptaculum 
seminis which stands up prominently in any properly pre- 
pared specimen. The female flea lays eggs which are oval, 
smooth and white; and about) ight to twelve are laid on 
floors, dirty carpets, or dry earth. They also pass through 
larval and pupal stages. It takes about two to four days in 
summer and eleven days in winter or the arvie to come 
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out of the eggs. . The duration may be longer in winter and 
may be even 21 days. The larva is an active legless maggot 
with scanty hairs on every segment of the body. They can 
be detected with some difficulty in the dust where domestic 
animals sleep. When full grown they spin a cocoon usually 
covered with dust and dirt in which they are transformed 
into pupsB. In another fortnight they become perfect insects. 
They are most common in dirty and deserted houses, and in 
places inhabited by people of unclean habits. Several 
species live on animals, but the study of the rat-flea is of 
special interest to us. 

Rat-flea. — Xenopsylla cheopis is the common rat- flea of 
India and of the tropics, and acts as the passive inter- 
mediary carrier of B. pestis, not only from rat to rat, but 
from rat or other infected animals to man. Besides the rat- 
fleas other species of fleas, as for instance, CfenocephaJm 
canis, which bite dog, rat and man, also act as carriers of 
plague. Fleas act not only as carriers, but also as multipliers 
of the germs. It has also been shown by the experiments 
of the Indian Plague Commission that if fleas are excluded,, 
healthy rats will not contract the disease even if kept in 
contact with plague-infected rats. It resembles very much 
the common flea, Pulex irritans^ but it is smaller and light 
coloured and has a number of bristles on the head. 

Three distinct species of Xenopsylla are found in India,. 
vi ^. — X. cheopiSy X, asiia, and X Iwaziliensis. Hirst has 
pointed out that the rats of Colombo and Madras being 
exclusively infested with X. astia, these cities are free from 
plague, and attributed this to the relative inefficiency of 
X. asUa as a carrier of plague both from rat to rat and from 
rat to man. He, however, holds that both cheopis and asiia 
will carry the virus of plague, but that under similar con- 
ditions the cheopis is a more efficient vector than the asiia. 
He pointed out that X. asiia bites man with reluctance under 
tropical conditions, especially when the temperature is over 
80® F., and X. hraziliensis does not readily bite man at all. 
Cragg as a result of flea survey on the Indian rats concluded 
that the distribution of plague was closely correlated with 
the prevalence of X. cheopis. Taylor and Chitre, however,^ 
hold that X. asiia is capable of transmitting plague to rats 
under suitable climatic conditions, but that it may be a 
somewhat less efficient vector of plague than cheopis. Of 
both the species the males carry plague to rats more readily 
than the respective females. Ooyle, as a result of experi- 
ments on the transmission of plague supports the view of 
Hirst and maintains that transmission of plague by cheopis^ 
does not occur at a saturation deficiency of 0.6 of an inch 
accompanied by a temperature of 68® F. At the same tem- 
perature a lower degree of saturation deficiency of 0.3 of 
an inch suffices to check asiia from carrying plague. By 
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saturation deficiency is meant ‘‘the difference between the 
actual tension of aqueous vapour present in the atmosphere 
at the temperature in question, and the tension of aqueous 
vapour that would be present in a saturated atmosphere at 
the same temperature.’^ The saturation deficiency is thus 
a measure of the drying cai)acity of the air, a high degree 
of which is prejudicial to the life of fleas. 

Trypanosoma lewisi is also transmitted by rat-fleas. It 
undergoes development in X cheopis and Ceratophyllus 
fasciatus and other fleas. But the rat-flea is the chief carrier. 
The infecting material is found in the faices. Infection takes 
place by the licking of faeces of an infected flea by the rat. 

Sandflea or Chigger. — Tunga {Sarcopsylla) penetrans is 
a troublesome insect found in the West Indies and coasts of 
Africa. It lives on the ground, and is abundant in very 
sandy soil particularly near the sea shore. Dirty rooms and 
huts, stables for cattle, etc., are the favourite haunts of 
these insects. 

The chigger resembles the common flea, but is a little 
smaller, the head being comparatively larger. It is flat,, 
reddish brown in colour, and attacks all warm-blooded 
animals including birds and man. It is armed with a power- 
ful rostrum, a prolongation of the pharynx — the epipharynx. 
The under surface is grooved and continuous with the wall of 
the pharynx, The mandibles are also grooved on the mesial 
surface. Being nearest the ground, the feet are the parts 
most commonly attacked by chiggers. The scrotum, penis,, 
the parts round the anus, the thighs, the head and face may 
also be attacked. 



Fig. 114.— Sandflea. Fig. 115. 

Impregnated Female. Sandflea. 


The female, when impregnated, makes her way under 
the skin and becomes almost a motionless bladder through 
the enormous development of the ovary. During this period 
it sets up much irritation with inflammation and formation 
of pus which gives the appearance of a pea-like elevation. 
When the chigger is expelled a small sore is left behind. 
These insects are responsible for causing suffering, invalid- 
ing, and indirectly death. 
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The common sources of fleas in a house are (a) want of 
proper cleanliness ; (b) proximity of stables, where fleas 
breed ; and (c) flea carriers, vi^. cats, dogs, rats, etc. 

Preventive Eats and mice must be got rid of. 

Dogs and cats require careful washing with soap and carbolic 
acid or some other coal-tar preparation. Badly infested 
rooms should bo thoroughly washed after sprinkling flaked 
naphthalene over the floor and keeping it shut for 24 hours. 
Petroleum, kerosene, or paraffin oil emulsion with soap will 
kill fleas on the floor, clothing, or on the coats of animals. 

BUGS 

Bed-bug.*— It is a flat, oval and on closer examination a 
bristly little creature, 5 mm. (| of an inch) long and 3 mm. 
broad, of a dull amber or chestnut brown colour. The head 
is short and broad with a pair of prominent compound eyes 
and two antennae or ‘^feelers’\ On the lower side of the head 
is the apparatus with which it sucks blood. The segmented 
rostrum or proboscis runs backwards from the front part of 
the head to between the bases of the first pair of legs. 

It belongs to the order of Hemiptera and comprises an 
enormous number of species. In India two species, Acanthia 
lectiilarius {Cimexlectularius) and A. rotundatiiSy attack man, 
It has a very wide distribution and can survive long periods 
— even a year — without food (Lefroy). The eggs are laid 
in any place to which the females can gain access — in cracks 
and fissures, in furniture, etc. Like a mosquito it injects an 




Fig. 116. Fig. 117. 

The Bed-Bug (Dorsal view.) The Bed-Bug (Ventral view.) 

irritating fluid which causes a flow of blood to the spot on 
which it engorges itself. 

The bed-bug has been suspected of transmitting several 
diseases, including kala-azar and plague, but it cannot be 
said that the case has been proved against it in respect of 
any of the diseases. 

Although they cannot fly, bed-bugs walk rapidly and are 
capable of migrating from one house to another. They are 
frequently introduced with luggage, boxes, etc., and are 
usually found in cracks and crevices of all kinds, in wood- 
work, walls, floors, amongst books, etc., and frequently near 
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a bed and in the frame work of the bed itself. They are also 
common in chairs, railway carriages, tram cars, etc. 

On account of their habits 
bed-bugs are very trouble- 
some to exterminate. Liberal 
application of gasoline, ben- 
zene, or kerosene oil emulsi- 
fied with soap, is often help- 
ful. Fumigation with hydro- 
cyanic acid, sulphur dioxide 
and formaldehyde is often re- 
sorted to in railway carriages 
and buildings. Superheated 
steam may be tried. Hydro- 
cyanic acid is intensely lethal 
to bed-bugs and affords the 
only reliable method of eradi- 
cation after a single exposure. 

It can be generated in pots 
by adding sodium cyanide to 
sulphuric acid and water, or Fig. 118.— Adult Conorhinus. 
by the use of liquefied gas as 

a spray. Zyclon B may also be used. Whatever method 
is used a concentration of 2 p. c. is necessary to be effective. 
The use of boiling water, where there is no possibility of 
damaging the articles, is very effectual in destroying both 
the eggs and the bugs. 

Ammonia, olive oil, or menthol are said to allay the 
irritation caused by the bites. Tr. iodine and peroxide of 
hydrogen have also been used with good results. 

Conorhinus. — This belongs to the family and 

has of late attracted much attention. Thus Triatoma {Cono- 
rhinus) megista is hold responsible for transmitting human 
trypanosomiasis in some parts of Brazil where it is called 
^‘barbeiro'' on account of its preference for biting the face ; 
while in India some believe tfiat Conorhinus ruhrofasciata is 
the likely invertebrate host of the protozoon bodies of kala- 
azar. But recent experiments by the Kala-azar Commission 
have shown that the development of the parasite of kala- 
azar does not take place in this insect. 

These are black insects with red markings on wings, 
abdomen and prothorax and are one inch or more in length, 
dark brown in colour. They are purely domestic insects, 
nocturnal in habits and are generally found near bright 
lights which have an attraction for them. 

The exact breeding places of these bugs have not yet 
been discovered, but it appears that they lay eggs on trees, 
rat holes, cracks and crevices. The nymphs, which cannot 
fly, crawl out of these spaces and make their way in search 
of mammalian blood and convey the infection. It takes 
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ubout 5 to 6 months for the eggs to develop into the adult 
stage, passing through five intermediate stages and after 
^ach stage is completed a cast of skin is left behind. 


TICKS 

Ticks as a class of ectoparasites are most abundant in 
warm countries. This is ascribed to the fact that cold is 
unfavourable to the requirements of the egg and all the 
stages in early life. They form a very important class of 
blood-suckers and play an important part in the transmission 
of a disease, closely simulating the relapsing or famine fever 
of India. They attack all types of terrestrial vertebrates, 
most mammalia, the aves, some reptilia and amphibia. The 
ticks are sufficiently big to be seen by the naked eye, and 
the females are usually larger than the males. As a rule 
they are temporary parasites. Ticks differ from insects in 
possessing four pairs of legs, only two pairs of mouth-parts, 
no antennje, and in having the head, thorax and abdomen 
fused into one unarticulated mass. 

The female tick lays a thousand or more eggs at a sitting, 
but only a few of these have any chance of attaining maturi- 
ty ; it then dwindles up and dies within a few days. The eggs 
are small grains of a yellowish colour, and in two or three 
weeks^ time they are hatched, giving rise to larva? which 




Fig. 119. 

Ornithodorus moubata 
(Ventral Aspect). 


Fig. 120. 

Ornithodorus moubata 
(Dorsal Aspect). 


look like minute moving grains of sand, and are characterised 
by having six legs, no stigma, and no sexual organ. They 
pass through a series of moults as they grow from minute 
larvae to sexually mature adults, and at each feed they fall 
to the ground and after moulting have to find the right host 
if development is to be continued. After a short period of 
test the larvae seek food ; they swarm up to the tips of the 
blades of grass and await in clusters their warm- blooded host. 
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They then become gorged with the blood of the host and 
pass through their lirst moult and emerge through the larva 
skin as nymphs. The nymph presents four pairs of legs, but 
still no sexual organs. Like the larva, it moves about until 
it attaches itself to some warm-blooded host and then drops 
off to moult again, when it becomes sexually mature. Having 
thus reached maturity the sexes unite. After fertilization 
the male dies while the female proceeds to feed on the blood 
of her host for the development of her ova. 

On account of the difficulty of linding a suitable host 
ticks at all stages are endowed with a phenomenal capacity 
for fasting. In fact they have been found alive after a fast 
of four years’ duration (Manson). 

Ticks are nocturnal in their habits, like bed-bugs, and 
live in huts, cracks and crevices in the walls, lloors, or in 
thatch or reeds of which the roof and walls are composed. 
They are frequently carried in mats or bedding, or in porters^ 
loads which have been stored in rest-huts at night. 

Breeding of ticks in the laboratory is not so easy. A com- 
plete knowledge of their bionomics is necessary before any 
attempt could be made, since success depends entirely on a 
thorough understanding of the life-history and the habits in 
the early stages. Thus, the whole life-cycle from the egg to 
sexually mature adult stage maybe comydeted in one syiecies 
of host, or the successive stages may feed on another species. 



Fig. 121. 

Dermacentor venustus. 

< Dorsal view), o, eye; sc., 
Scutum. 



Fig. 122. 

Argas persicus (Ventral view), 
a. o., anal opening ; cx. f., coxa 
fold; m, margin of body; g. o., 
genital opening ; sex. f. ; supra- 
coxal fold. 


The fact that the tick remains fixed on to the skin of an 
animal does not necessarily mean that it is feeding on the 
host. While some species remain fixed on to the skin of 
animals, others drop off after a feed of blood. Copulation 
usually takes place on the skin of the host. 
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Mollers showed that Ornithodorus mouhata may remain 
infected for one and a half years, and that once infected with 
spirochsetes, they continued to infect the third generation 
through the ova. They transmit Treponema duttoni, the 
causative organism of African relapsing fever; Dermacentor 
venustus transmits the organism for Eocky Mountain spotted 

fever; and it is suspected 
that the Indian typhus is 
conveyed by Rhipicephalus 
sanguineus or Hyalomma 
ce (jy pt i um ; while Tromhi- 
cula akamushi carry the 
virus of Japanese river 
fever, known as Kedani or 
Tsutsugamushi disease. It 
is believed that the heredi- 
tary infection of tick through 
many generations helps to 
maintain the disease without 
fresh infection from a mam- 
mal. Tick paralysis follows 
the bite of certain ticks, D. 
venustuSf and is found in 
Cape Colony, British Columbia, United States and Australia. 
Argas persicus is not known to transmit any disease to men 
but transmits Treponema^ of fowl spirochictosis. 

Destruction of ticks is a difficult matter. Mud floors, 
reed and thatched walls and roofs cannot be thoroughly 
cleaned. While travelling, huts should be avoided. 0. 
mouhata cannot climb up a smooth wall. Bedding should 
not be placed on the floors, and should always be carried in 
a tin box. There is little risk in the day time or when the 
rooms are lighted. 

Ticks in animals are controlled by dipping in a solution 
of sodium carbonate 24 lbs., acid arsenious 8 lbs., tar 2 
gals., water q.s. to 500 gals. Crude petroleum has been 
used largely. The cattle may be treated by applying the 
above mixture by means of spray. 

LICE 

Lice are small wingless insects living entirely on mam- 
malian blood. The whole life-cycle of the louse is bound up 
with that of the host. Three varieties of pediculus are 
parasitic on man, viz, (a) Pediculus capitis^ or head louse; 
(h) Pediculus humanus corporis, or body louse; and (c) Phthi- 
rus pubis, or crab or pubic louse. It is possible that other 
mammalian lice may temporarily infest man. 

The head and body lice resemble each other so much that 
they cannot be distinguished by any single character. On 



Fig. 123.— Larva of Trombicula 
AKAMUSHI. a. One of the dorsal 
bristles enlarged. 
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the other hand the typical ones are quite distinct. The head 
is conical with a constriction where it joins the thorax, and 
provided with a proboscis, a pair of jointed antenn® and a 
compound lateral eye. The head louse is generally darker. 



Fio. 124 .— Tiik IJoDY 
Loxtse (Female) 



Fig. 125.— The Head 
LoinsE (Female) 

a, antenna ; width 
of body behind neck ; 
c, depth of the clefts 
between the segments, 



Fig. 12G. 

The Crab Louse 


smaller and more bristly. The colour of the adult louse 
varies according to the colour of the hair of the host. The 
male is smaller and rounded off posteriorly with a dorsal 
aperture for a pointed penis. The female is recognised by 
the larger size (2 mm. in length), and by a deep notch at 
the apex of the last abdominal segment. The eggs are de- 
posited on the hairs of the host and hatch out in six days 
and begin to feed shortly after hatching. They become adult 
in ten days. The antenme are thicker and the abdominal 
division is deeply cut. The body louse is paler, larger^ 
with slender antenme, and the notch of the abdomen merely 
undulated. The head is olive-shaped and more pointed 
anteriorly. It is separated from the thorax by a narrow 
neck. 

The eggs hatch out in seven to ten days and become 
mature in about two weeks. In each of the three varieties 
there are three pairs of jointed legs terminating in claws. 
The surface of the limbs, thorax and abdomen is provided 
with scattered hairs. In length they vary from 1 to 4 mm. 

The Crab Louse,— This is easily distinguished by the 
small size, square body, blunt and truncated head, rela- 
tively large and strongly developed legs, prominent breath- 
ing apertures, and extreme inertness. They are generally 
found in the pubic and perineal hairs, and occasionally 
among the eye lashes. In fact, they are found on any part 
of the body where the hair is suitable, excepting the head 
where it finds some difficulty in holding. 

The female lays up to 300 eggs, from 3-12 a day, usually 
deposited either on hair, or on cloth ; they are 25 


28 
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and 5^0 in. broad. At one end of the egg is the operculum 
which opens and may be removed at the hatching of the 
larva. Between the egg and the adult stage a louse moults 
its skin three times, generally at an interval of 2 to 4 days. 
The whole process of development from the laying of the 
eggs to the adult louse may take about a fortnight. 

Dissemination of Lice , — Contact is the determining con- 
dition of their dissemination. Lice neither arise from filth 
and dirt, nor spontaneously. Dirty habits favour the in- 
crease of lice if once they get a foothold. Head lice pass 
from unclean servants to the child, or in school from one 
scholar to another. They may be spread by brushes, hats 
kept in close proximity, clothing of lousy subjects, and an 
infested bed occupied by a clean person. They may be blown 
about by a high wind, and heavily infested persons often 
drop lice which may cling to benches, floors, carpets, etc. 
Dogs sometimes carry human lice from person to person. 
Head lice are common in women and children, body and crab 
lice in men. All three varieties may exist on one person. 

Lice act as carriers of typhus fever, relapsing fever and 
trench fever. The feces of lice which have fed from 2 to 6 
days previously on a typhus patient are also infective. Both 
the crushed contents of the louse and its feces can infect 
through the smallest skin lesion and possibly through the 
unbroken skin. Infection of relapsing fever takes place 
when lice are crushed either directly on the skin or between 
the nails of the thumb, when the spirochsetes in the splashed 
blood find their way through the smallest abrasion on the 
skin. The excreta are not infective in this case nor is the 
infection acquired by the bite. The viruses of these diseases 
undergo developmental changes in the louse, since it is 
incapable of transmitting the disease until several days 
after, e,g, typhus fever, ten days ; relapsing fever, four 
days ; and trench fever, after seven days. Irritation caused 
by the bite often leads to pustular dermatitis and a form of 
pigmentation of the skin (Vagabond's disease). 

Prevention of Lousiness.— 

1 . Eegular washing of under -clothing and bed linen. 
These measures alone will prevent lice to thrive even if casual 
infestation occur. 

2 . Since most infestations are from personal contact 
one should avoid coming in contact with a verminous person. 
Do not introduce lice into the house. 

3. Those coming in contact with infested persons, e.g. 
nurses, should wear linen overalls. Undergarments may 
with advantage be impregnated with some insecticide. 

The following treatment is necessary for those who have 
already got infested : — 

1. A hot bath with a complete change of clothing fol- 
lowed by thorough disinfection of all garments. 
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2. The hair should be cut short. This is often sufficient 
when shaving is not possible, as with girls or women. Some 
Insecticide may be first applied, eg. ammoniated mercury 
ointment 5 p.c. once a day, or calomel pomade (1 in 20 of 
vaseline) followed by brushing with a fine-toothed metallic 
comb previously warmed. Vinegar and kerosene oil may 
xtlso be used. First saturate the hair with the oil and then 
wash. Instead of using vaseline which causes matting of 
the hair besides being messy, a 1 p.c. suspension in agar of 
yellow oxide of mercury is now available as ^^ausin.’’ After 
heating it to 100° C. to melt the agar, the whole is shaken 
to ensure uniform suspension and cooled to 50° C. and 
applied to the hair with a brush followed by the use of fine 
comb so that the agar coats each hair and dries thus. After 
24 hours the lice are dead, and by washing and using 5 p.c. 
soda solution the nits are easily removed with a fine comb. 

3. Disinfection of Clothing and Bedding. — Heat kills 
both lice and nits in 5 minutes at temperature of 131°F. 
This may be done by (a) steam^ this is very useful when 
used in any steam disinfector. A convenient method of 
applying steam is by the use of “Serbian BarreF^ ; (6) hot 
water ; (c) naphthalene ; a small handful of flaked naphthalene 
scattered evenly between the blankets is often very useful 
and (d) hot iron ; this is an effective method of delousing 
clothes. An emulsion of cresol 2 p.c. with soap 5 p.c. will kill 
lice and their eggs when articles are immersed for five minutes ; 
this may bo used for baths and rubber articles. 

The clothes should be removed on a clean floor and not 
on articles where the pest or its eggs can lodge. 

Kerosene or petrol is very effective for nits, especially 
when mixed with some essential oil, e.g. oil of sassafras, oil 
of eucalyptus, cedar wood oil, tar oil. Lysol, carbolic acid 
-and naphthalene are also good. 

Insecticides 

Except formaldehyde, which has very little effect in 
gaseous form on insect life, most of the germicides are 
poisonous to insects. Formalin however is used as a poison 
to fly {see page 424). They act either (a) as protoplasmic 
poisons, e.g. strong acids and alkalies ; (6) by causing suffo- 
cation, e.g. oils ; or (c) as poison to the nervous system, e.g. 
chloroform. They are mostly used either in solution or 
emulsion, in powder form, as vapour, or by the mouth mixed 
with some food. The following are used as insecticides : — 

Sulphur. — In the form of vapour it is largely used and 
is a poison to most form of animal life and will kill insects, 
rats, vermins, etc. It may also be used in the form of 
powder, or may be mixed with other insecticides like kero- 
sene oil. 

Hydrocyanic Acid. — It is an extremely poisonous gas to 
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all forms of animal life and will kill flies, mosquitoes, bed 
bugs, cockroaches, rats, mice, etc., as also the eggs of 
insects which remain unaffected by sulphur dioxide. (For 
further description, see Antiseptics and Disinfectants). 

Carbon Bisulphide . — It is a powerful insecticide, but is 
inflammable and explosive. It kills all forms of insects as 
well as rats, mice, etc. It evaporates quickly, therefore it 
can be used by pouring it in open pans. Because of its 
poisonous nature, the room or other inhabited structure 
should be properly aired afterwards. 

Petroleum . — In the form of kerosene oil it is largely used. 
Other petroleum products, like gasoline, naphthalene are 
also used. All these petroleum products are most dependable 
insecticides we possess. Petroleum is largely used for mos- 
quitoes and is applied on the water surface in the pro- 
portion of one ounce to flfbeen square feet of the surface. 
It will form a thin film over the surface and will kill the 
larvae and pupae, and also adult female mosquitoes when they 
come to the water to lay eggs. Spraying pure petroleum or 
in the form of emulsion will kill flies, lice, bed-bugs, fleas, 
etc. In the form of spray coal oil is very effective for lice. 

Arsenic . — In the form of Paris green it is "largely used 
as dry powder mixed with some light powder over surface 
of water against mosquitoes. It floats on water which the 
larvae of mosquitoes eat and are thus killed. Arsenious oxide 
or white arsenic is used in solution as dips to destroy ticks. 
Sodium arsenite in solution is extensively used to kill flies. 

Pyrethrum in the form of powder is largely used as 
insecticide and most insect powders contain it. It is special- 
ly used where sulphur is harmful, e.g. to metals, fabrics, and 
paints. It however does not kill mosquitoes but stuns 
them. 



CHAPTEE XX 

ANIMAL PARASITES 

Although parasites belong both to the animal and vege- 
table kingdoms, only the animal parasites will be discussed 
here. Of the animal parasites which affect human beings 
some are external and some internal. The former belongs to 
the class of insects (which see) and the various acari, the 
latter includes the worms and a variety of protozoa. 

Parasitic animals are those which, in order to obtain their 
nourishment, live within or upon another living organism, 
known as their host. True i)arasites nourish themselves on 
the living material, e.g, the blood or lymph of their host ; 
saprophytic parasites derive their nutriment from dead 
material. Many parasites are pathogenic, and although some 
saprophytes do not harm their hosts, it is doubtful if the 
animal parasites are ever ‘^symbiotic,’’ i.e, whether any are 
beneficial to their host. 

Some parasites are found in different species of animals, 
e.g. Trichinella spiralis, whilst others are limited to a single 
species, e.g. Ascaris Uimhricoides and Oxyuris (Enterohius) 
vermiciilaris are parasitic only on man. The anatomical 
situation of the parasites is known as their habitat, and they 
are designated ectozoa or entozoa according as they live upon 
or within their host. 

The mode of reproduction within the body of the host is 
both interesting and varied. Some — the protozoa — produce 
successive generations within the host ; others, e.g, some 
worms, when within the host, merely attain sexual maturity, 
and give origin to a second generation which, however, does 
not attain sexual maturity in the same host. In other in- 
stances two specifically different hosts are necessary for com- 
pletion of the life-cycle of the parasite, which is immature 
in the one and sexually mature in the other. In the latter 
instance a change or alteration of the host is necessary for 
the developmental cycle of the parasite, and the animal in 
which the sexual cycle takes place is the definitive host ; that 
harbouring the immature parasite is the intermediate host. 

There are various ways in which man may be infected ; 
the most common mode being the ingestion of eggs or im- 
mature forms of parasites together with water or other fresh 
food. By the ingestion of eggs man is infected with Ascaris 
lumhricoidesy Oxyuris (Enterohius) vermicularis, Trichoce- 
phalus dispar and occasionally with Cysticercus cellulosce; 
by the ingestion of immature species man is infected with 
Ancylostoma duodenale and Trematodes. Again, infection 
may occur from the ingestion of the immature parasite in 
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an intermediate host. It is in this way that man becomes* 
infected with adult Cestodes and Trichinella spiralis. Finally^ 
parasites may be transmitted by the direct agency of the 
second host, e.g. Filaria. 

Effects of Parasites.— animal parasites may cause 
disease in a variety of ways : — 

1. By mechanical injury. 

2. By producing inflammatory reaction in the tissues. 

3. By withdrawal of nutrient material. 

4. By removal of blood. 

5. By production of toxins. 

Trematodes or Flukes 

1. Schistosomidae ( Blood Flukes ).— Three species of 
these worms are known to occur in man, tnz., S. hcematohiumy 
S. mansoni, and S. japonictim. The life-history of the three 
varieties is more or less the same, therefore a description of 
S. hcematohitim will apply to all, only their differential 
characters will be given in a tabular form. 

Schistosoma (Bilharzia) hasmatobium.— This worm 
gives rise to a chronic disease characterised by cystitis,^ 
hsematuria and other symptoms due to blockage of the urin- 
ary passages producing a papillomatous growth, a condition 
known as Bilharziasis. It is common in Africa. Endemic 
foci also exist in Palestine, Mesopotamia, Arabia and 
Cyprus. It is also found in Western Australia. The males 
are narrow, flat or leaf-like worms, and look cylindrical from- 
the folding in of the sides of the skin 
forming the gynsecophoric canal where 
the female is partially enclosed. They 
are white or grey in colour, 1 to 1.5^ 
cm. long, and 1 mm. broad, narrow 
anteriorly with two suckers placed close 
together ; posteriorly blunt and rounded. 
The female is cylindrical, longer (2 cm. 
by 0.25 mm. in breadth), more filiform 
and darker than the male. Both ends 
are tapering. The body, unlike the male, 
which is studded with small cuticular 
prominences, is smooth with numerous 
papillae towards the posterior end. 

The eggs are oval or spindle-shaped 
with a stout spine at the posterior end. 
The ova are deposited in the venules 
with the spines pointing in the direction 
of the blood current. These eggs are 
E™*Ferafe" forced through the vessel walls and 
(After Looss). eventually appear in the bladder or 

rectum, and escape either through the 
urine or the faeces as the case may be. If the egg after 






ANIMAL PARASITES 


439 


being expelled comes in contact with a fluid of lower osmotic 
pressure the shell membrane and chitinous cuticle swell up 
and burst setting free a ciliated embryo or miracidium. 

The miracidium is slightly smaller than the ovum, and 
thickly covered with cilia by means of which it moves 
about and seeks its intermediate host, viz, spiral fresh- 
water molluscs, where it undergoes a series of changes 
first forming a sporocyst and then a cercaria, and eventually 
comes out through the pulmonary chamber of the snail into* 
the surrounding water. The cercarife are white thread-like 
bodies which move about 24 to 36 hours after emergence 
from the snail and if they find a suitable definitive host 
(usually man) they cast the tail and piercing the epithelium 
enter the deeper tissues. They enter the veins and even- 
tually the liver and tributaries of the portal vein, where 
they gradually develop and become difterentiated into two 
sexes and complete the sexual cycle of their development. 
They are able to pass through a perfectly sound skin in a 
few seconds and therefore any one bathing or even putting 
an arm into the water infected by these organisms may easily 
become infected. 

Schistosoma mansoni.— -It is common in Africa being 
abundant in Egypt, the Congo and French West Africa. It 
is also common in parts of South America, and inhabits the 
branches of the portal vein in the liver, and the mesenteric 
veins, and gives rise to symptoms of dysentery and a 
peculiar form of cirrhosis of the liver. In the early stage 
there is pyrexia and urticaria, indicating absorption of the 
toxins excreted by the adult parasites, and is followed by 
a condition known as Intestinal Schistosomiasis. A form of 
splenomegaly known as Egyptian splenomegaly with cirrhosis 
of the liver and ascites, possessing features resembling 
infantile kala-azar also occurs as a complication. 

Schistosoma japonicum.— It is common in parts of 
Japan, China, Upper Burma and the Philippine Islands, and 
is confined to rice growing regions where the conditions 
favourable for the life-cycle of these worms occur, viz., flat, 
low-lying, freely watered country, abundance of intermediate 
host and ready accessibility of the definitive host. These 
worms enter the skin through the sweat glands and the hair 
follicles whence the cercarise pass into the lymphatic and 
smaller blood vessels and then into the general circulation 
and finally into the portal vessels. They cause enlargement 
of the spleen and liver with ascites. The ova are expelled 
with the stools. These flukes differ from the other two 
species in being smaller in size and having no tuberculations 
on the integument. 

The disease is known as Katayama disease on account of 
its prevalence in the district of that name in Japan. 
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The differences of the morphological characters of the 
three species are given in the following table* : — 



S. H. 

S. M. 

S. J. 

Male 

1.5 cm. long, 1 
mm. broad. 

1 cm. long, 1.2 
mm. broad. 

0.9 cm. long, 0.6 
mm. broad. 


Finely tuborcul- 
ated. Testes 4, 
large, posterior 
and dorsal to 
ventral sucker. 

Grossly tubercul- 
ated. Testes 8, 
small, posterior 
and dorsal to 
ventral sucker 
which is more 
prominent. 

Not t u b e r c u 1 - 
ated. Testes 8, 
elliptical, poste- 
rior and dorsal 
to ventral 

sucker. 

Female 

2 cm. long, 0.2 mm. 
broad. 

1.1 cm. long, 0.16 
mm. broad. 

1.2 cm. long, 0.4 
mm. broad. 


Ovary in posterior 
third in front of 
intestinal c<TBca. 

Ovary in anterior 
half of body in 
front of union of 
intestinal cmca. 

Ovary in middle 
of body. May 
contain 300 ripe 
ova. 


Large no. of ter- 
minal spined eggs 

Eggs 1 or 3, late- 
ral spined, with 
spine directed 
posteriorly. 

Eggs^ with lateral 
knobs. 


Yolk glands distri- 
buted in posterior 
fourth of body. 

Yolk glands widely 
distributed in pos- 
terior half of body. 

Yolk glands well 
developed. Oc- 
cupy posterior 
lialf of body. I 


Prophylaxis . — In places where the disease is common 
one should avoid drinking or bathing in rivers, tanks, etc. 
The water for drinking purposes should either be boiled or 
filtered after having strained through cloth to remove water 
snails. Allow the water to stand for 48 hours before using, 
as any free cercaria, not being able to complete its life-cycle, 
would die if it cannot gain access to a man. Contamination 
of the water with infected urine or faeces should be pre- 
vented. Copper sulphate in strength of 1 in 5,000,000 may 
be used to kill the snails. Case reduction may be secured by 
treating all infected persons with tartar emetic ; the usual 
method being to begin with 0.5 gr. intravenously and working 
up slowly to 2 to 2.5 gr. ; the total quantity required being 
20 to 26 grs. spread over 4 to 6 weeks. Emetine may also 
be used. 

2. Fasciolopsis buskii (Intestinal Fluke).— This in- 
testinal fluke is common in Assam, Straits Settlements, 
Sumatra, Borneo and Cochin-China. It lives in the small 

*Byam and Archibald, Practice of Medicine in the Tropics. 
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intestine of man and gives rise to gastro-intestinal disturb- 
ances. The pig is the normal host or reservoir. It is 30 mm. 
long, 12 mm. broad and 2 mm. thick, and is the largest 
trematode parasite of man. It is a thick, flesh-coloured fluke 
of an elongated oval shape, the ventral surface being cov- 
ered with spines arranged in transverse rows. It possesses 
two suckers, one terminal, the other adjacent to it and 
situated ventrally. 

The life-cycle resembles that of Fasciola liepatica (Dis- 
fomtim hepaticum). The embryo undergoes transformations 
in certain molluscs, species of Planorhis and Segmentinaf 
which serve as intermediate hosts. The cercarijc, on becom- 
ing free in the water, encyst on fresh- water plants, specially 
the water chestnut, which, when consumed raw, convey the 
infection to man. 

3. Gastrodiscoides hominis (Intestinal Fluke).— This 
fluke is found in India (Assam), Cochin China, Federated 
Malay States and also in British Guiana. It is found in the 
ca3cum and large intestine of pig and in some cases the 
mouse deer. When fresh it is reddish in colour and is gene- 
rally 5-7 mm. long and 3-9 mm. broad with a teat-like pro- 
jection bearing an oral sucker. The body is divided into an 



Fig. 128. Fig. 129.— Gastrodiscoides hominis. 

^ASOiOLOPSis BUSKii. (After Khalil. Froc, Itoyal Society 

(After Odhner) of Medicine), 

a.s., anterior sucker: in, month; p.b., pharyngeal bulb; a.c., ventral 
sucker; g.o., genital opening; ut., uterus; ov., ovary; va., vagina; 
V.S., vesiculis seminalis ; t, testis; v.d., vas deferens; i, intestine; ex.p., 
and ex.c., excretory pore; s.g., shell gland; R.S., receptaculum semini^. 
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anterior conical and a posterior discoidal portion forming a 
ventrally concave flattened disc. The acetabulum is in the 
posterior of the disc, circular and 2 mm. in diameter. The 
cuticle is smooth. It causes symptoms of dysentery in 
infected man. These flukes are expelled by thymol. 

4. Clonorchis sinensis (Liver Fluke).— It is a common 
parasite of man in the Far East including Japan, Korea, 
Formosa, Mauritius and India. In China, dog and cat are 
naturally infected with this parasite. It lives in the biliary 
passages causing enlargement of the liver, diarrhoea, jaun- 
dice, anasarca and even death. The fluke is 10-20 mm. long 
and 2-5 mm. broad, oblong in shape, reddish in colour, flat 




Fig. 130.— Clonorchis Fig. 131.— Paragonimus ringert 

SINENSIS (After Looss.) (Partly after Looss) 

(For lettering, see under figure 128). 

and pointed anteriorly. Its primary host is a gastropod 
Bythinia striatnla vsiv, japonica. The cercaria escaping from- 
the molusc enters the secondary host which is a fresh-water 
fish of the carp family where it gets encysted. When this 
fish is consumed half cooked the young clonorchis enters the 
human gut eventually reaching the bile duct. 

Prevention depends upon proper cooking of the fish and 
protecting the water supply by preventing man and animals 
harbouring the parasite from infecting the water, 

5. Fasciola hepatica (Liver Fluke).— -This was formerly 
known as Distomum hepaticum. It specially affects the sheep 
causing a disease known as ‘‘liver rot’^ and consequently is 
of great economic value. It is 20 to 30 mm. long, 8 to 13 mm. 
broad with a narrow cone-shaped anterior projection bearing 
the oral sucker; the posterior is rounded It is pale-grey in 
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colour with dark borders. The intestinal canal is branched^ 
both branches being furnished with diverticula radiating 
onwards. 

The fertilised egg when expelled from the bile duct into 
the sheep's intestine is passed out with the feces and be- 
comes a miracidium, which, 
if it encounters a fresh- - 

water snail, enters its body 
where it is transformed 
into a tadpole-like cercaria. 

It passes out of the snail, 
sheds its tail and leaving 
the water moves up a grass 
blade where it encysts. 

When this grass is eaten 
by a sheep the young fluke 
is set free in its intestine. | 

It then flnds its way to the ’ 
bile duct, makes fast to the 
duct wall and attains 
maturity. 

6. Paragonimus rin- 
geri and P. westermanii 
(Lung Fluke).— P. ringeri 
occurs in the East, chiefly 
Korea, Japan, Formosa, 

China and the Philippines ; 
and is found in the lungs of 
man, cat, dog, wolf, etc., 
forming tunnel or burrow 
of infiltrated lung tissue. 

The symptoms resemble 
those of tuberculosis with 
hremoptysis. It is somewhat Fig. 132.— P'asciola HKrAxiCA 
translucent reddish-brown ,Manson’s Tropical Diseases) 
in colour and oval in shape, (Por lettering, see under figure 128> 
though looks almost round 

owing to thickness. It is 8-20 mm. long and 5-9 mm. broad, 
being blunt anteriorly. The oral sucker is terminal or sub- 
terminal, and the ventral sucker is placed anteriorly to the 
middle of the body. The cuticle is studded with wedge- 
shaped spines which differentiate it from the P. westermanii 
in which the spines are arranged singly. 

The miracidium after escaping from the eggs enters the 
fresh- water snail, Melania ^ which serves as the intermediate 
host, where it goes through the developmental changes with 
the formation of cercarise, which escape into the water and 
bore their way into certain species of fresh- water Crustacea 
where they encyst themselves in the liver, muscle or gills. 
Man is infected by eating raw fresh Crustacea. In Korea and 
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Formosa uncooked crabs are not eaten; in these cases the 
cercaria probably enters the body through drinking water. 

Prevention depends upon the use of pure water both for 
drinking and other purposes and by avoiding eating uncooked 
crabs, etc., which may harbour the young parasites. The 
sputum should be properly dealt with. 

Cestodes 

The members of this class which are indigenous to man 
are long, flat and tape-like worms inhabiting in their adult 
form the intestinal canal. They are usually segmented, white 
or yellow in colour, without mouth or alimentary canal, and 
lead a parasitic life by attaching themselves to the intestine 
by means of hooks and suckers. The head is known as ^‘scolex,*’ 
the whole body a “strobila,^’ and the individual segments 
as “proglottides.’’ The proglottides nearest the head are 
the smallest and youngest, while the terminal ones are the 
largest and most developed. These worms are commonly 
known as tape-worms. Of these Tcenia solium ^ T. sacjinata, 



Fig. 133. 

Head of Taenia solium 

FRONT VIEW. 


Fig. 134. 

One of the middle segments 
FROM A Taenia s agin at a. 


booklets ; s, suckers ; t, testes ; u.d., vasa deferentia ; ov,^ ovary ; 
m, summit of rostollum. ut., uterus ; i;, vagina ; cl, genital pore. 


BihotkriocephaUis latus and Hymenolepis nana are found in 
the intestine, while Echinococcus granulosus is found in the 
cystic or intermediate stage in the liver or other parts. The 
worm consists of a minute head and neck with a longer or 
shorter row of attached segments. The head is about 1 mm. 
to 2 mm. broad, provided with suckers by which these worms 
fix themselves to the intestinal wall. Behind the head is a 
long narrow neck followed by rows of segments or proglot- 
tides of which the worm almost entirely consists. The 
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whole tape-worm is therefore often regarded not as a single 
animal, but as a polymorphic colony. These segments are 
small and imperfectly developed and less defined near the 
neck, but grow larger and more defined towards the end. 
The central and the more posterior ones are well marked 
with lines of demarcation, and present well developed genera- 
tive organs. Since they live directly on the nutriment 
derived from their hosts, these worms are devoid of any 
digestive organs, but possess a complete water-vascular 
system which take the form of longitudinal tubes running 
down each side. 

The life-history of these worms is interesting. The 
mature proglottides are dislodged from the parent worm and 



Fro. 135.— Portions of a Ta:nia saginata 

a, head, neck and commencing segmentation ; 6, central and 
c, terminal proglottides. 

pass out with the fieces, when the ova are set free, which 
retain their vitality for sometime. If at this stage these ova 
are eaten by some animal capable of acting as an “ inter- 
mediate host’’ they continue their development until the 
shells are dissolved off in the alimentary canal and an 
embryo with six booklets is set free. These booklets enable 
the embryo to penetrate the wall of the alimentary tract and 
by way of the blood-stream or some other channel, reach 
some distant part. The booklets eventually disappear and a 
cavity appears and a fully formed head is formed from the 
walls of this cavity which becomes enclosed in a fibrinous 
capsule supplied by the surrounding tissues. During the 
cystic or intermediate stage, the parasite becomes a cys- 
ticercus and is known as Cysticercus cellulosce and may live 
for many months. If some tissue containing a living cys- 
ticercus is swallowed by an animal capable of acting as the 
definitive host” the capsule is dissolved off’ by the gastric 
juice and the scolex or the head is set free. After attaching 
itself by its suckers and hooks to the intestinal mucous 
membrane it buds off successive proglottides from its distal 
extremity. It takes about two months between the swallow- 
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ing of the cysticercus and the passage of the first proglot- 
tides from the rectum. 

The intermediate host of T. solium is pig and the eggs 
onter the alimentary canal with contaminated water or soiled 
food. The onchosphere passes through the gut wall, enters 
the blood stream, settles down in the muscular tissue, loses 
its hooks and becomes Cysticercus cellulosce. The eggs of 1. 
saginata enter the gut of the ox when the onchospheres are 
set free in the small intestine. They bore through the gut 
wall and enter the muscle and become Cysticercus analogous 
to T. solium, 

Hymenolepis nana or Dwarf tape-worm. — It is a minute 
tape-worm parasitic in man, rat and mice, and is confined to 
Egypt, Soudan, Brazil, Japan and the warm parts of south- 
ern Europe. It is also common in India, but because of its 
inconspicuousness it often escapes notice. 
It is also common in United States where it 
affects large number of children. It occurs 
in hundreds or thousands and gives rise to 
symptoms of pain, diarrhoea, epileptiform 
convulsions, headache, etc., due to absorption 
of toxins, produced by the parasites. It is 
^ to i in. long, in. or less broad, very 
slender, and when expelled resembles a little 
strand of mucus. The scolex is sub-globular 
and is provided with a well-developed rostel- 
lum to which are attached 20-30 booklets. 
The neck is long, the proglottides are short 
anteriorly but increase in size towards the 
end, although they are always more broad 
than long. Each proglottis contains about 
80-180 or more eggs which are oval or globu- 
lar, double-shelled and are set free in the 
intestine. It undergoes complete develop- 
ment from the egg to adult stage without 
any intermediate host, the larval parasite 
enters the intestinal villus where it becomes 
a cysticercoid. Later it moves into the 
lumen of the intestine, attaches itself to the 
^ raucous lining and proceeds to develop. 

Diagnosis of its presence is done by examina- 
tion of the stool for the presence of eggs. 

These worms are expelled by male fern, oil of chenopo- 
dium, or carbon tetrachloride. 

Nematodes 

All round-worms occurring as parasites in man belong 
to the Order Nematoda. They have very slender bodies 
without segments or appendages and are usually bisexual 
with a well developed alimentary tract and a mouth at one 
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end and an anus at the other. The males are usually smaller 
than the females ; some are quite harmless, while others are 
more dangerous. The following are some of the important 
worms parasitic in man 

1. Ascaris lumbricoides.— In general form it resembles 
the common earthworm, being cylindrical and pointed at 
both ends, of pinkish-grey colour with a glistening surface 
when alive. They are the most frequent in occurrence of 
all the parasites and are especially so in children between 
the ages of three and live years. The adult female measures 
about 7 to 14 inches, and the male from 4 to 8 inches, being 
as thick as a goose quill. The cephalic extremity of both 
male and female has three oval papillte furnished with fine 
teeth. The sexual organs occupy the posterior half of the 
body, being at the junction of the middle and anterior third 
of the body. The female lays enormous numbers of eggs 
that have a thick shell, outside which there is often a 
clear, irregular, albuminous sheath. When swallowed these 
eggs find their way into the upper part of the small in- 
testine where they develop into the adult form in the 
course of a month. 

The eggs are present in great numbers in the ffcces, and 
infection occurs without there being any intermediate host, 
by means of contaminated drinking water or food. Eecently 
infection through the skin by the larvee and by breathing in 
of embryonated eggs as dust has been proved. 

Ascaris lumbricoides is found in all parts of the world. 
They occur in large numbers, in dozens and sometimes in 
hundreds in a single host. The effects are due to irritation 
giving rise to colicky pains, and in children often convulsions 
and other nervous symptoms possibly due to toxins which 
the worms naturally possess, or excrete as a product of their 
metabolism. The worms are migratory in their habits. They 
have been found in the bile-duct, pharynx, trachea and even 
lungs, giving rise to different symptoms. They may be 
matted together in the intestine and cause intestinal 
obstruction. 

Prevention depends upon disposal of night-soil in such a 
manner as will make the transport of eggs and larvae through 
water, food and air impossible. 

2. Enterobius (Oxyuris) vermicularis.— These are com- 
monly called “thread worms’’ and are found mainly in chil- 
dren. They inhabit the colon, especially the caecum, where 
they may exist in enormous numbers. As the females be- 
come pregnant they pass into the rectum and lay an immense 
number of eggs. The female is | to ^ inch in length and the 
male half that size. They develop from ova in about three 
weeks ; these ova do not develop unless passed through the 
stomach. They must, therefore, be passed per anus, and the 
host re-infected by the mouth before a new generation can 
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develop. Water and food contaminated with the ova are 
the common sources of infection. The female worms crawl 
out of the anus and deposit eggs on the skin nearby which 
give rise to much local irritation and often lead to many 
different types of symptoms, e.g. enuresis, cough, restless- 
ness, convulsion, etc. They may enter the vagina in the 
female, and cause vulvo-vaginitis, pruritus and leucorrhoea. 
The itching leads to scratching and thus the eggs are often 
deposited under the linger nails. In careless and uncleanly 
persons the possibility of an auto-re-infection should be kept 
in view and steps taken to prevent the same. Children 
scratch and then suck their lingers ; therefore, a child with 
thread worms should have its hands tied up in gloves during 
treatment so that the lingers will not reach the anus. The 
nails should be short and kept clean and dipped frequently 
in quassia infusion. The anus should be smeared with dilute 
ammoniated mercury ointment every night before going to 
bed. This not only allays the irritation and itching but kills 
the eggs. The children should be isolated until a cure is 
effected. 

3. Filaria.— The lilarue inhabit chiefly the blood vessels, 
lymphatics, connective tissues, and serous cavities of their 
host. Their mode of development is unknown, although it 
has been clearly established that they complete their life- 
cycle through parasitism in two sets of hosts. The host in 
which the fllaria reaches maturity and gives birth to its off- 
spring is known as definitive host, the other being known as 
intermediary or secondary host. In Filaria ( Wtichereria) 
hcmcrofti we have an example of double parasitism, man and 
certain species of mosquito. 

Filarise are long slender thread-like worms with a curved 
or spiral tail. They are mostly parasitic in man. The 
Filaria (Wuchereria) bancrofti is found in the lymphatic 
glands and vessels, and the embryo is known as microfilaria 
bancrofti. The female has the appearance of a white thread 
about 3^ inches long. The male is very much smaller and 
less frequently found. In both sexes the posterior end is 
blunt and the head slightly bulbous with a central un- 
protected mouth. The generative organ is close to the head 
in females. The embryos (microfllarise) found in the blood 
are about one-nineteenth of an inch long and in breadth 
equal to the diameter of a red blood cell. They are provided 
with a fine sheath which they do not completely fill and in 
which they can move backwards and forwards. 

The nocturnal filaria is found only at night, or, if the host 
either by habit, necessity or choice, be a day-sleeper, during 
the day, thus showing that there is some condition of the body 
during quietude that is conducive to the appearance of the 
fllaria in the blood. At midnight they appear in the greatest 
numbers, and Manson has estimated that there may be as 
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many as forty or fifty millions present in the blood of a single 
individual at that time. They gradually diminish in number, 
and by six or seven in the morning entirely disappear. 

The microfilarice hancrofti are produced by the female in 
great numbers, and they are so small that they pass readily 
through the capillaries. During the night some of the para- 
sites may be removed by various species of mosquitoes, 
viz. Culex Sind Aedes {Stegomyia). 

It has been shown that the embryo once in the stomach 
of the mosquito sheds its envelope, pierces the wall of the 
stomach, and lodges in the thoracic viscera where it under- 
goes further development during two weeks, then finds its 
way into the proboscis to be discharged into the blood of 
the human host. Once introduced into the human body it 
finds its way into the lymphatics where it matures and 
brings forth young, and in due course a new generation of 
larval filarim are poured into the lymph which may again 
infect the blood by passing through the lymph ducts into 
the thoracic duct and general circulation. It is evident, 
therefore, that like the malaria parasite the filaria is intro- 
duced into its human definitive host by mosquito bite. 

Effects, — The most common effect observed is periodical 
attacks of lymphangitis with fever generally known as ele- 
phantoid fever. These attacks are accompanied by swelling 
of the affected limb, to be followed later by more or less per- 
manent oedema of a greater or lesser degree. Several such 
attacks are followed by an overgrowth of the skin and 
subcutaneous tissue giving rise to elephaniiosis aralvm. 
Although the worm is primarily responsible for the damage 
to the lymphatic system, the pathological conditions in a 
large number of advanced cases of elephantiasis have been 
shown by Acton to be due to secondary bacterial infection. 
The toxin liberated by the adult female gives rise to allergic 
symptoms, such as periodic headache, migraine and rise of 
temperature. Once the case is developed few microfilariae 
are found in the blood. The absence of embryos is due to 
the blocking of the channels through which they would reach 
the blood-stream. In some cases the lymphatics in the 
abdomen, scrotum, or the kidneys become varicose and filled 
with chyle giving rise to chylous ascites, lymph scrotum or 
chyluria. 

Distribution. — Filaria hancrofti occurs in most of the tro- 
pical and subtropical regions and extends to North America, 
North Africa, China, Japan and Australia. It is specially 
prevalent in low lying coastal and riverine areas as seen in 
India where the main endemic centres occur in the deltas of 
the great rivers pouring into the Bay of Bengal. 

A temperature ranging from 80® to 90® F. and a relative 
humidity of above 60 are necessary for the normal develop^ 
ment of the microfilaria in the mosquito. Overcrowding is 
29 
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an important factor and infection is heaviest in towns and 
big densely populated villages, but low in the cities, where 
good drainage and piped water supply afford small chances 
for mosquito breeding on a large scale. The microfilaria 
rate depends upon the density of the permanent population, 
the number of culex present in the house and the effective 
period for transmitting the infection coinciding with the 
culex population. In hyperendemic areas the first lesions 
are enlarged epitrochlear or inguinal glands followed by 
filarial abscesses and later by elephantoid lesions of the 
arms, legs or breasts. In endemic areas the blockage may 
occur higher up and hydroceles are common in young boys, 
and later on lymph varices of the cord.* 

4. Dracunculus (Filaria) medinensis.— This is com- 
monly known as Guinea-worm disease or Dracontiasis and is 
found in the tropical and subtropical regions of Africa, 
Persia, Turkestan, Arabia, portions of India, West Indies, 
Fiji and parts of South America. Apart from the hill tracts, 
the incidence in India per 100,000 prisoners varies from 
6 in Bengal to 3,964 in Mysore and west Madras. 

The female is a thread-like worm generally 20 to 30 inches 
long. The body Is more or less transparent," milky-white, 
smooth and without any markings. The 
tail ends in a hook-like process. Nearly 
the whole of the worm is occupied by 
the uterus stuffed with embryos. It nor- 
mally lives in the subcutaneous tissue of 
man. When the head of the worm comes 
to the surface, or points, it produces 
itching and burning followed by a blister, 
which eventually bursts, and shows a small 
round hole in the centre. The transparent 
uterus in the presence of water discharges 
a milky-looking fluid containing myriads of 
Fig. 137. embryos through this hole. These embryos 
CrcLOPs. swim actively in water and enter the body 
cavity of fresh water crustacean, cyclops or water-fleas, 
through the intestinal wall. Within this host the embryo 
passes through two moults and becomes mature in about 
five weeks. If the host dies a natural death the embryo dies 
with it. But if it dies when immersed in 0.2 p.c. hydrochloric 
acid, or in the gastric juice when swallowed with infected 
water, the worm leaves the host and becomes very active. 
It then enters the subcutaneous or intermuscular connective 
tissue, especially of the lower extremity as this part of 
the body comes more in contact with puddles of water where 
its intermediate host cyclops lives. As a rule it causes no 
symptoms, but when it becomes mature, it perforates the 
skin and escapes from the body. 

• Acton and Rao, Indian Medical Gazette, 1930. 
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Infection occurs from drinking water containing infected 
Cyclops. Therefore certain factors contribute to the infection, 
viz a suitable temperature, presence of a suitable inter- 
mediate host, absence of filtered water supply and habits of 
the people regarding drinking water. One year generally 
elapses before the worm presents. 

Prevention. — From the life-history of guinea-worm it is 
ev^ident that the prevention from this disease depends upon 
protecting drinking water from being infected by guinea- 
worm patient. The cyclops are killed by heating the water or 
by adding a trace of potash. 10 grs. of lime (OaO) in a pint 
of water, with 9.5 grs. of alkalinity per gallon and 3.2 parts 
of free CO 2 per 100,000 parts kill cyclops in ten minutes. 
The minimum optimum dose was found by Pradhan to be one 
drachm of CaO per gallon, repeated every two weeks. The 
water is fit for drinking after ten days. Wells and tanks 
which are approached by steps are the greatest source of 
infection. In fact the iWection is proportionate to the 
number of stepwells existing in the particular place. There 
should be arrangement for drawing water either by a pump 
or a bucket. The wells should be properly protected by a 
parapet. (A diagram of a Step Well is given under Village 
Sanitation). 

6. Loa loa (Filaria diurna).— It is a thread-like worm 
of tropical West Africa and Uganda, and inhabits the con- 
nective tissues of man. It has a whitish, semi-transparent, 
filiform and cylindrical body about one inch long, the female 
being double that size. The cuticle bears numerous trans- 
lucent protuberances or tubercules. The embryo resembles 
that of Filaria hancrofti. hnt has a diurnal periodicity 
of nocturnal as in the case of microfilaria bancrofti. The 
development takes place in the same manner as F. bancrofti, 
the insect vector being a day-biting, blood sucking fly known 
as ‘‘mangrove fly^^ Chrysops silacea and C. dimidiata. After 
entering the human body it takes several years to reach 
sexual maturity. The microfilaria causes no symptoms, but 
the adults move about freely in the subcutaneous tissues and 
sometimes pass across the eyeball under the conjunctiva, the 
only symptom being a sensation of itchiness during their 
slow movements. The adult worm causes painless localised 
oedemas, known as calabar swellings. 

6. Onchocerca volvulus (Filaria volvulus).— It is a 
common parasite infesting the subcutaneous tissues of man, 
specially around the iliac crest, the intercostal spaces and 
the axilla, where it causes cystic tumour of the size of a 
pigeon’s egg. It is found in West Africa, Guatemala and 
Mexico. The head is rounded, and the body white and fili- 
form, tapering at both ends. The cuticle is marked by trans- 
verse ridges. The males are 20 to 32 mm. long and 0.2 mm. 
broad ; the females being much longer, about three times the 
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size of the males. The males lie coiled round the females in 


the tumours, the posterior end being embedded in the tissues. 
The uteri of the females being packed with embryos, no 
embryos are found in the peripheral blood slides. In later 
cases embryos appear in the lymphatics outside the swellings, 
specially in or about the groins, and that is how the inter- 
mediate host, Simulium damnosum (see page 415) when biting 

and sucking up lymph and blood 



gets infected, where the develop- 
ment of this hlaria takes place. 

7. Ancylostoma duodenale.— 
Hookworm is a common parasite 
of the intestine and causes a 
disease variously named. Thus in 
Columbia it is known as Tun-Tun ; 
in Europe, Miner's Anaemia or Tun- 
nel disease ; in Egypt, Egyptian 
or Tropical Chlorosis. The disease 
was first described in 1648, but the 
cause wasthen unknown. The hook- 
worm was first discovered in 1782 
and next noticed in 1789. In 1883 
Dubini described it ; since then the 
ancylostomum has been found so 
widely diflused that it may be said 
to occur in all tropical and sub- 
tropical regions of Asia and 
America. It is also present in 
south of Europe, and is very pre- 
valent in India. Observations made 
in different parts of Bengal show 
an enormous prevalence of this 
afiFection. Koughly about 36 to 40 
million people in Bengal are in- 
fected with larger or smaller num- 
bers of the parasite. In Egypt it 
is found present nearly at every 
postmortem examination. About 
70 p.c. of the workers of the coal 
mines of Bengal are infected with- 
out causing any apparent hook- 
worm disease. The hsemoglobin 


Fig. 138. Fig. 139. 

A. DUODENALE A. DUODENALE 

Female Male 


index amongst the infected is 12 to 
15 p.c lower than among the unin- 
fected. The predominant species of 


(After Looss) (After Looss) hookworm in the Asansol Mining 


Settlement is N. americanus, which 


constitute 70 p.c. of the total number of worms examined. 

The International Board of Health (Rockefeller Founda- 
tion) is engaged in a widespread campaign against hookworm 
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infection not only in America, but also in many other parts 
of the world. In Ceylon, during 1923, about 500,000 out- 
patients were treated, whereas in Madras Presidency, it is 
estimated that more than thirty-six millions are infected 
with hookworm disease. 

Source of Infection, — Infection generally takes place 
through patients suffering from the disease or through 
carriers. The number of eggs passed with the stool of a badly 
infected person has been estimated to be over 4,000,000, 
and as many as 4,000 worms have been recovered from a 
single patient, the usual number being from 50 to 125 per 
person. 

Three distinct varieties of the worm are recognised. The 
Ancylostoma duodenale or the old form. A, 1/raziliense vel, 
ceylanictim, and Necator americanus, the New World species. 
All types are common in India, Ceylon, Malay States and 
Siam. 

A, dtiodenalG is almost cylindrical, the males 8 to 11 mm. 
long and 0.4 to 0.5 mm. broad, and the females 10 to 13 mm. 
long, 0.6 mm. broad. Its body is thread-like with a conical- 
shaped head, and a large bell-shaped mouth surrounded by 
a horny capsule, with four vertically situated hook-like teeth 
and two smaller vertical teeth on the dorsal side, by which 
the worm tixes itself to the mucous membrane. Towards 
the tail end of the male worm there is an umbrella-like ex- 
pansion or copulatory bursa. The eggs are found in muddy 
water, or in warm moist earth where they liberate the 
embryos. These develop into larvie which soon enter the 
dormant state, remaining quiescent for an indefinite period 
until they are taken into the human stomach. 

N. americantis is shorter and more slender than A. duo- 
denale. The males measure 7 to 9 mm. in length and 0.3 mm. 
in breadth, and the females 9 to 11 mm. in length and 0.4 mm. 
in breadth. The vulva is placed slightly in front of the middle 
of the body. The adult worm lives in the small intestine 
and produces toxin. 



Fig. 140.— Eggs of Hookworm with Embryo Escaping 
FROM ITS Eggshell. 

A, hraziliense is much smaller than A. dtiodenale, the males 
being 8.5 mm. long, and the females 10 mm. 
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Man is probably the only host of this worm, although the 
same species is said to be parasitic in certain monkeys. The 
parasite inhabits the duodenum and upper parts of the small 
intestine. 

Mode of Infection . — Hookworm disease is pre-eminently 
a rural disease, being limited to imported cases in large cities. 
Two modes of infection have been proved experimentally, 
viz. through the mouth directly, and through the mouth 
indirectly by way of the skin. Direct mouth infection may 
take place by taking embryos in drinking water, or soiled 
food, or from infected fingers. It is, however, of minor im- 
portance in the dissemination of the disease. 

The real source of hookworm infection is the feces of 
infected persons and the only practical mode of infection is 
that described by Looss through the skin. The ova are passed 
with the stools of infected persons in the four-celled stage. 
The eggs are clear, thin-shelled and colourless. They are 
ovoid in shape, and under the microscope look faintly 
greyish with a greenish or bluish tint. Further develop- 
ment depends upon the presence of oxygen (air), a moderate 
degree of warmth and some moisture, when development 
of the embryo in the eggs proceeds very rapidly, and within 
about 24 hours the eggs assume the characteristic tadpole 
stage. The newly hatched embryos are about 0.25 mm. long 
with a blunt head. Their growth is also influenced by air, 
warmth and moisture, the food being supplied by the or- 
ganic matter in the feces. Within 48 hours after hatching 
they become double their size, shed their cuticle and enter 
the second or larval stage. Under optimum conditions these 
larvje become mature in 4 to 5 days, when they attain the 
infective stage and are ready for penetration of the final 
host. At this stage the larvae no longer feed, in fact they 
do not search for food, but live on the reserve food material 
stored up in the walls lining the digestive tract. Under 
favourable condition of moisture and warmth they remain 
on the surface of the soil or within the upper layer and 
climb upon the surface of any projecting objects, e.g. dead 
leaves and sticks, soil particles, etc., but only as far as 
surface film of moisture extends. 

It was formerly believed that once the larvje reached 
the mature infective stage they live for a long time, even 
years. This, however, is not the case. In Calcutta in 
summer Chandler found the length of life to be less than two 
months, the mortality being very great within the first three 
weeks. At this stage they possess a wonderful ability to 
penetrate the skin to which they can attach themselves 
even after a very brief contact. The skin of the foot in 
persons going about without any protection is commonly the 
site for the entrance, although ankles, hands and arms may 
also be attacked. Once having fixed on the skin the larvm 
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leave behind the sheath and cause at the point of entrance 
dermatitis, which is variously known as ‘‘ground itch,” 
“toe itch” or “ground sore.” After reaching the subcutaneous 
tissue they enter the lymphatics and gain the blood stream. 
Through the blood they are carried to the heart, then on or 
about the third day pass to the lungs. Breaking through 
the thin-walled alveoli they enter the bronchi, then via the 
trachea and oesophagus reach the mouth, and are either 
coughed out or swallowed. During this migration the third 
moult takes place and a terminal buccal capsule is formed. 
In the stomach they remain uninjured by the gastric juice 
and pass into the intestine on the seventh day when the 
fourth moult takes place and the terminal buccal capsule is 
changed for what is known as a provisional buccal capsule. 
On or about the 15th day, after entering the body, the pro- 
visional buccal capsule is cast and the larva develops into 
the adult form. The worm becomes sexually mature in three 
to four weeks when copulation takes place and fertile eggs 
are laid. 


Symptoms,— There is probably no disease in which the 
symptoms are so variable as in hookworm disease. They 


are mainly due to loss of blood 
and the effects of a toxin 
which may have some destruc- 
tive action on the blood. The 
most common symptoms are 
those of indigestion and dys- 
pepsia. Lack of energy, apathy 
and anaemia are common 
during the early days of the 
attack, hence the disease is 
also known as “lazy disease.” 
Except in severe and acute 
cases, or when the condition 
is of long standing the symp- 
toms are indefinite. In well 



marked causes severe anaemia Fig. 141. — Outline Drawings 


and dropsy are characteris- 
tic. Palpitation, shortness of 
breath and general weakness 
are often noticed. The taste 


showing relative length, thick- 
ness and shape of average A. 
americanus and A duodevcUe. (1) 
N, americanus male. (2) same 
female. (3) A duodenale female ; 


may often become perverted (4) same male. xlO. (After 
and some patients show a crav- Chandler). 


ing for eating earth, mud and lime. 


The exact number of worms necessary to produce any 


serious effects in man has been much discussed. While it is 


possible that some persons can harbour quite a large number, 
several thousands, without fatal results, others show a 
marked lowering of haemoglobin with only a few worms. 
Smillie and Augustine believe that “the greater proportion 
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of persons with hookworm infestation of slight degree suffer 
no measurable harm, and should be considered, not cases of 
disease, but carriers.” They hold that all infections with 
101 worms and upwards should require treatment. It should 
be remembered that when a patient is otherwise debilitated, 
as often happens in India, an infection with 100 worms or 
less may cause serious symptoms and require treatment. 

Identification . — The distinguishing characters of the two 
common species are given in the following table, and the 
student should be able to differentiate them with a hand lens. 


A. duodenale 


N, americanus 


Head relative to the thickness of 
the body is larger and slightly 
bent dorsally. 

In males, bursa is short and 
broader than the adjacent part 
of the body. 

Lateral rays are all spread apart. 


Head smaller relative to the 
thickness of the body, and 
bent conspicuously dorsally at 
an angle of 90" or more. 

Bursa longer than broad, only 
a little broader than the ad- 
jacent part of the body. 

Two lateral rays are closely 
approximated and parallel. 


Incidence of Hookworm Infection . — The different factors 
which influence the spread of hookworm infestation are tem- 
perature, rainfall, humidity and the condition" of the soil. 
The temperature is the prime factor in determining their 
distribution over the surface of the earth. The most favour- 
able temperature for the development of the mature larval 
stage is above 70® F. provided the maximum does not greatly 
exceed 80® P. (Chandler). Throughout the tropics and sub- 
tropics in the wet summer season the daily range of tempera- 
ture is usually within these limits, and therefore suitable for 
rapid developra3nt of the necators. Next to temperature, 
rainfall considerably influences the distribution of hookworm. 
The eggs and larvte cannot withstand effect of dryness, and 
a dry soil acts as a powerful controlling factor in the dis- 
semination of the worm. A close relationship exists between 
the annual rainfall and the amount of hookworm infestation. 
Chandler has shown that when the annual rainfall is below 
40 inches, even in the presence of soil infection,*there may 
be a high incidence of light infestation, but heavy or even 
moderate infestations are absent or rare. When, however, 
the amount of rain is such as will keep the superficial layers 
of soil continuously moist there is a high incidence of the 
disease which may reach 60 p.c. to 80 7 ).c. Other factors, 
besides rainfall, are drainage, type of soil, humidity and the 
number of rainy days over which the rainfall for the month 
is distributed. The influence of the soil on hookworm in- 
festation depends upon its suitability or otherwise for the 
development and continued existence of infective larvm. The 
moisture content of the soil is of great importance, and 
Augustine found that 3 p.c. of moisture was the minimum 
amount in which the larvae could live in a sandy loam con- 
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taining some humus and a little clay. Soils which appear 
moist are more favourable for the larvjB than the apparently 
dry or nearly dry soils, even if the latter have enough 
moisture to prevent complete drying of the larvse. Acidity 
in soil does not influence the incidence of hookworm infec- 
tion. In fact Chandler has shown that severe infections 
occur in tea gardens where the soil is invariably acid, usu- 
ally with a^^H 5 and 5.5. Similarly when the soil is heavily 
impregnated with salt, even when defjEcation is indiscrimi- 
nate and ground saturated with strongly brackish water, 
there is no hookworm infection. 

Prophylaxis. — Theoretically prevention of hookworm dis- 
ease should be an easy matter, since its cause is known 
and all the characteristics of the parasite are understood. 
But in practice it is one of the most difficult disease to 
handle owing to its extensive prevalence, enormous repro- 
ductive power of the worm, rapid development of the ova in 
the infective stage, and because the infection is the direct 
result of careless and filthy habits. The problem of prophy- 
laxis involves the following : — 

1. Extermination of the mature worms in the bodies of 
human beings, thus stopping the danger of infection. 

2. Preventing the growth and existence of the larvm. 

3. Preventing the infection by larvae that have de- 
veloped notwithstanding the above efforts. 

1. Extermination of the Mature Worms. — The first step 
in the prevention of the disease is to stop it in those already 
affected. Accurate diagnosis, careful treatment on modern 
lines followed by examination of the faeces will to a great 
extent reduce the supply of ova and the possibility of fresh 
infection. But there will still remain another source of 
danger through ^V.arriers’’ who present no special symptoms, 
or symptoms so mild as to pass unnoticed, but who harbour 
from a few to a couple of hundred worms, which lay eggs 
in large numbers all the time. These carriers should be 
isolated and properly treated. Periodical examination of 
all persons living in infected localities and under conditions 
favourable to the existence of larvae is necessary. In mills, 
factories, plantations, etc., all workers should be similarly 
examined, and any one suffering from dyspepsia or anaemia 
more carefully examined, and if any ova of ancylostomes 
are found in the faeces they should be segregated and pro- 
perly treated with thymol, beta-naphthol, oil of chenopo- 
dium or carbon tetrachloride. 

2. Prevention of Soil Infection. — The next essential is 
the prevention of soil infection. Ancylostomiasis is pre-emi- 
nently a filth disease and the only means of infecting the 
soil is by evacuation of the bowels where the ova in the 
faeces may later develop. Any measure to be useful and 
effective should be directed towards the prevention of this 
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source of infection. The practice of the people to pass 
stools in or about the dwelling, open land or on the banks 
of rivers and tanks should be rigidly interdicted — a most 
difficult task which the sanitarian will have to face. The 
larvje are scattered by rains and all traces of the faeces are 
lost, but the porous moist earth becomes permeated with the 
larvae in the encysted and infectious stage. Sufferers and 
the public should be impressed with the fact that the foul- 
ing of the soil is the cause of the trouble, and the danger of 
soil pollution and the necessity of avoiding such practices 
should be forcibly brought home to them. For the pre- 
vention of soil pollution, installation of sanitary latrines is 
essential. The construction and use of such privies and the 
safe disposal of night-soil should be carefully explained and 
their advantages clearly shown. Particular attention should 
be paid to providing easily accessible privy accommodation, 
especially where a large number of men congregate and 
work, e.g. in mills, factories, in mining districts and along 
the highways of traffic. Septic tank latrines, or in their 
absence bored-hole latrines may be constructed (see pages 
309 and 266). These latrines must be easily accessible, so 
that neither indolence nor weakness will lead to the use of 
less secure areas. They must be inaccessible to animals 
and screened against flies and other insects from transport- 
ing material from them. While devising privies and sanitary 
accommodations, the habits and prejudices of the people 
they are intended to benefit, must be taken into account. 

The larva is killed in deep or running water, but can 
live for long periods in shallow water along the edges of 
streams — just the place used by people for washing and 
other purposes. Moist earth, especially if sandy, so as to 
retain moisture, or shaded by vegetation, off'ers ideal condi- 
tions for the life of larva and should be dealt with properly. 

3. Prevention of Infection . — Considering the fact that 
infection and dissemination of the disease are mainly due to 
the ignorance and uncleanly habits of the people, it is 
essential that steps should be taken to educate the public. 
Law is not the instrument best fitted to compel a man to be 
clean and live up to the rules of hygiene. To be effective, 
the people must appreciate the philosophy and spirit that 
originate such laws and measures. They should not eat 
unwashed fruits or vegetables, and should not drink muddy 
water, or water from dirty receptacles. All water for drink- 
ing purposes should be purified. Every one living in hook- 
worm areas should be taught the essential facts about the 
worm and its effects. Specimens, charts, diagrams, illustra- 
tions of patients before and after treatment with des- 
criptions should be exhibited, popular lectures given and 
pamphlets printed in the vernacular of the place, freely dis- 
tributed. Cultivators and others working in mills, factories, 
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plantations, etc., where the disease prevails should be told 
of the danger of going about barefoot. In rural areas where 
people work on the fields the use of shoes by the cultivators 
is unknown, and during the rainy season when the fields 
and roads are sloppy or partly inundated, villagers hardly 
ever have recourse to the use of boots and shoes. Be that 
as it may, the utility of using boots and shoes, and in their 
absence wooden sandals (Kharrams), as a means of reducing 
and preventing infection should be impressed on the people. 

Examination of Faeces for Ova. — The actual presence of hookworm 
in a person suspected to be infected may bo determined either by 
microscopic examination of the faeces for ova, or by vermicidal 
treatment and the recovery of worms expelled. The following 
methods are generally used : — 

Smear Method, — This is also called slide method. A small piece 
of becos is emulsified with water and a portion of it is placed along 
with a mixture of glycerin and saturated solution of sodium chloride 
equal parts on to a slide. A small area is first marked on the slide 
with a grease pencil. The eggs, owing to the difference in the 
specific gravity, float on the surface and are seen by a low-power 
objective. 

Centrifugal Method. — A mass of faecal matter is first mixed with 
water which is then placed in a centrifugal tube and centrifuged. 
The supernatant fluid is then poured off. A saturated solution of 
NaCl, or a mixture of glycerin and saturated solution of NaCl equal 
parts is added and thoroughly mixed. Add enough liquid to fill the 
centrifugal tube. Centrifuge again. Remove ova with wisps of cotton 
and examine under a micro.scope. 

Direct Centrifugal Floatation (Clayton Lane).— This consists in 
first centrifuging a suspension of one gramme of faeces in winter, then 
mixing the sediment with about 18 c, c. of saturated solution of salt 
and centrifuging again in a special tube with the surface of the fluid 
in contact with a cover glass. Remove the cover glass by a rapid 
upward pull in order to remove a large hanging drop. Examine the 
drop by resting the cover by the corners on small plasticine cones on 
a slide with drop side down. The essential special apparatus consists 
of special centrifuge buckets provided with horns to prevent the 
cover glass from slipping while centrifuging, special flat-bottomed 
tubes of appropriate size, and cover glass 0.5 mm. thick. 

Isolation of Larvae from Soil.— The isolating apparatus consists of 
funnels 9 cm. in diameter, and a filter with sieve (1 mm. mesh). The 
sieves are lined with one or two thickness of fine muslin. The stems 
are fitted with india-rubber tubing fixed with a glass nozzle at the 
free end. The tubes are controlled by clamps. The soil samples or 
soil cultures are placed on the sieve, and water at a temperature rang- 
ing between 115° to 120° is poured into the funnels to a level which 
reaches into the soil but not above. The apparatus is left standing 
over night. The water is drawn off into the centrifugal tubes and 
centrifuged and the deposit examined for larvae. 



CHAPTEK XXI 
RESTRAINT OF INFECTION 

Ha-VING read in the preceding chapters the nature of the 
different infective agents and the various means by which 
they are carried into the human system, one can now ap- 
preciate the importance of the measures calculated to pre- 
vent or restrain the spread of ditt*erent infectious diseases. 
Modern research has thrown considerable light on what 
formerly was full of darkness, and although much remains 
to be done, yet whatever progress has been made has ex- 
posed many defects and brought many changes in the older 
methods of prevention. Thus, our knowledge with regard 
to the transmission of malaria and plague has directed our 
attention to protection against mosquitoes and destruction 
of rats. Similarly our knowledge regarding certain food 
stuffs acting as a source of danger has led to the introduc- 
tion of inspection of animals before slaughtering, model 
dairies, cow-sheds, slaughter houses, etc. 

In order to fight with the different infectious diseases 
effectively it is of primary importance to be acquainted with 
the habits of the diff'erent organisms, and as filth, foul air, 
bad water and unhealthy surroundings are essential for their 
existence, cleanliness is the weapon tn be used against them. 

Before discussing the special preventive measures for 
individual infectious diseases it is necessary that the student 
should understand the general principles of the following : — 

1. Notification . — This requires every practitioner who 
diagnoses a case of infectious disease to notify to the Health 
OSicer or Civil Surgeon of the district to enable him to take 
necessary precautions at once. 

2. Isolation of the infected person. 

3. In certain more dangerous diseases, like plague, 
smallpox, etc., quarantine may be imposed on persons who 
have been in contact with the patient. 

4. Protective inoculation or production of artiflcinl im- 
munity. 

5. Disinfection. 


1. Notification 

By ‘‘notification” is meant the immediate intimation of 
the outbreak of every case of infectious disease to the 
Health Officer or sanitary authorities. 

Notification of all infectious diseases to the sanitary 
authorities is only a means to an end , as it enables the Medical 
Officer of Health to take immediate measures for preventing 
the further spread of the disease by isolation and disinfec- 
tion, and other necessary action. According to Whitelegge 
the advantages of compulsory notification are: — 
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(i) Early and complete knowledge of all cases of noti- 
fiable disease, and thus of its whole prevalence and distribu- 
tion in the district or town. 

(ii) Power to exercise such supervision as may be neces- 
sary, over every case during its whole course, and to enfoice 
due observance of the provision of the Public Health Act 
as regards isolation and disinfection. This is of great im- 
portance in the case of outbreaks of diphtheria, scarlet or 
typhoid fever in dairies, schools, etc. 

{Hi) Opportunity of removal to hospital of every suitable 
case; other preventive measures, as vaccination in cases of 
small-pox can be offered. 

(iv) Opportunity of investigating the sanitary condition 
of all households where cases of enteric fever, or diphtheria, 
or other notifiable disease may occur. 

(t^) Power to control the spread of infection through 
schools or other centres, by excluding members of infected 
households. 

{vi) Means of detecting at once any suspicious grouping 
of cases around schools, and examining milk-supplies, water- 
supplies, and other common foci. 

immediate notification enables the authorities not only 
to isolate the sufferers and thus prevent them from acting 
as centres for disseminating the disease, but also to find out 
the real and original source of the same. With the poor, 
isolation in a hospital not only ensures proper treatment 
but also better comfort. 

There is no Notifiable Diseases Act in India. Only a 
limited number of municipalities and the presidency towns 
enjoin medical practitioners to report infectious diseases, 
particularly cholera, small-pox, plague, typhoid fever, and 
diphtheria, occurring in private or public houses. But this 
has proved to be of little value. It is important also that 
the sanitary authorities should be in a position to adopt im- 
mediate steps for the isolation of patients at home, and for 
their removal with due care to special isolation hospitals. 

Section 377 of the Bengal Municipal Act empowers the Commis- 
sioners to enforce all medical practitioners, or owners of houses to 
inform of the existence of a case of any dangerous disease in any 
building other than a public hospital. Section 378 empowers the 
Commissioners to remove to a hospital all patients suffering from a 
dangerous disease and who are also without proper accommodation 
or lodging or are lodged in such a manner that they cannot be effec- 
tually isolated so as to ]:)revent infection or contagion. Section 
empowers the Commissioners to cleanse or disinfect infected liuild- 
ings, tanks, pools, etc., and under section 380 to destroy huts, sheds, 
etc., as the case may be. 


2. Isolation 

Isolation is separation of the sick, in case of any infec- 
tious disease, from the rest of the household, to render trans- 
mission of contagion from the sick to the healthy impossible. 
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For persons in easy circumstances isolation can be satisfac- 
torily carried out at home. But for the poor who live in in- 
sanitary hustees or quarters, with insufficient accommodation, 
and in schools, workshops, etc., the sick should always be 
removed to the nearest isolation hospital as soon as the in- 
fective nature of the disease is recognised. 

Home or Private Isolation. — For the isolation of persons 
suffering from infectious diseases in their own houses the 
following points should be observed: — 

(а) Whenever practicable the number of rooms should be 
two, on the top floor, or in a detached portion of the building. 

(б) All furniture, clothes, etc., not required for the patient 
should be removed beforehand. 

(c) The doors should either be kept closed, or a screen 
soaked in some disinfectant solution, like 1 in 20 carbolic 
acid, should be hung over them. This not only i)revents 
germs from being carried by the wind, but also acts as a 
danger signal to the visitor. 

(c^) The windows should be kept open for free circulation 
of air. 

(e) No one except those who are in actual charge of the 
patient should be allowed in the room. The nurses or attend- 
ants should take good care to wash their hands with some 
antiseptic lotion and disinfect their changed clothes. The 
dress of the attendants should be of some non-absorbent 
material which can readily be washed. Fresh dresses for 
nurses and attendants should be kept in the adjoining room. 

(/*) No clothing or utensil should be taken out of the sick 
room without previous disinfection. 

(g) Excreta and food remains should be removed in vessels 
containing some strong antiseptic and then buried or burnt. 

{h) Neither visitors nor any member of the house should 
enter the room, but if necessary should speak through the 
screen or window. 

(i) When the danger of infection is over, the patient 
should be washed and bathed thoroughly with soap and water, 
and have a complete change of clothes before being allowed 
to mix with other people. 

(J) Plies and mosquitoes must be absolutely excluded 
by screens ; those already present in the room should be 
destroyed. 

It need hardly be said that the above precautions are 
very difficult to be carried out thoroughly in a private house, 
even if the patient and the family give the most willing 
assistance. It should be remembered that a very imperfect 
and incomplete isolation is better than none, and may serve 
the useful purpose of checking the spread of an infectious 
disease. It is better, whenever possible, to remove the 
patient to the hospital, where he will be less dangerous to 
his own people and his neighbours; and where he will be 
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assured of proper treatment and save the household of the 
risk and anxiety of further infection. But how far isolation 
is able to control mass infection and prevent epidemics is a 
controversial point. It is possible by a vigorous policy of 
isolation to restrain the source of infection and prevent 
further spread of such diseases like smallpox, cholera and 
pneumonic plague, where the contagium usually passes from 
one to another directly without much aid of intermediaries. 
But in cases where the symptoms are masked in the early 
stages, as in measles, which is highly infective in the pre- 
emptive stage, or where the transmission takes place through 
intermediaries or carriers, the isolation of known cases, when 
they are diagnosed, can have at most a partial effect on the 
general prevalence, since infection is continually coming 
along channels beyond its control. 

Isolation Hospital. — In every town it is necessary that 
provision should be made for the accommodation and treat- 
ment of infectious cases. This is best carried out in an 
isolation hospital. The essential features of an isolation 
hospital are that the site should be dry, healthy and well 
drained, and although well away from congested quarters 
yet not far enough to cause inconvenience. Separate wards 
should be provided for admission and treatment of different 
infectious diseases. In India this is only done for cases of 
smallpox, cholera, and plague. A floor space of 144 sq. ft. 
should be allotted for each patient, with about 6000 cubic feet 
of fresh air per hour. One bed for every 1000 of the popula- 
tion is to be calculated upon. There should be a special 
observation ward where all suspected cases may be kept. 

Proper arrangements should be made for the supply of 
pure water and removal of excreta and disinfection of soiled 
clothes, bedding, etc. In any case a steam disinfector is 
essential which should serve both for the hospital and also 
for the local health department. It is better to, keep sepa- 
rate ambulances for the removal of the sick, but when ordi- 
nary carriages ov palanquins are used care must be taken to 
disinfect them thoroughly. 

Ambulances.— These may be either wheeled, or carried 
on the shoulders as doolies are. When wheeled, they had 
better be rubber-tyred ; they may be drawn by horse, bullock 
or man ; but the motor ambulances appear to be the best of 
all. They should be kept in all police stations and public 
places, and should be thoroughly disinfected after each 
use. 

Segregation of the inmates of infected houses in special 
camps is sometimes adopted as a precautionary measure for 
early detection of any case occurring amongst them. During 
the first outbreak of plague this method was adopted by the 
Government of India. 
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3. Quarantine 

This is especially directed to the detention of healthy 
travellers after their departure from an infected place. 
Quarantine means detention of all persons exposed to infec- 
tion for at least the longest incubation period of the disease. 
In theory quarantine appears to be a very effective means of 
stopping communicable diseases, but in actual practice this 
has invariably failed. The disadvantages are that it imposes 
restrictions on commerce and causes inconvenience to travel- 
lers. 

Quarantine may be (i) inward^ i,e. when quarantine is 
imposed on a healthy town for its own protection ; or (ii) 
outwardy when it is imposed on an infected town or village 
for the protection of the surrounding country. If the patient 
is removed to a hospital, and disinfection of the infected 
house is properly carried out, it is not necessary to keep the 
family under quarantine. If the case is treated privately, 
the household must be placed under quarantine until the last 
case has ceased to be infectious and the final disinfection has 
been completed. Quarantine has been divided into : — 

(a) International Quarantine . — This consists in compul- 
sory isolation at the port of all persons coming "from an in- 
fected place, or of persons who have been in contact with 
any case of infectious disease against which quarantine has 
been imposed. 

TJhe International Sanitary Convention of 1926, (see 
page 12), sought to devise uniform methods for the control 
of imported diseases without unnecessary interference with 
trade. The Convention encourages protective anti-cholera 
inoculation at ports of departure ; and general six-monthly 
destruction of rats on ships. In the case of yellow fever, a 
ship arriving from an infected port may be claimed as 
healthy if, while there, she lay not less than 200 meters oft* 
shore or from hulks— this distance being beyond the flight of 
Aedes— or if she has been satisfactorily fumigated. Ships 
carrying typhus and smallpox are not to be classed as in- 
fected, but subject to isolation, supervision, vaccination or 
delousing, as the case may be, are to receive immediate 
pratique. 

The Office International d’Hygiene Publique has for some 
time been engaged in the consideration of the advantages 
which the employment of wireless telegraphy presents for the 
transmission of sanitary information by ships prior to their 
arrival in port. As a result of the investigations a general 
report was prepared which was accepted by the Permanent 
Committee and which aims at the recognition of a few 
standard messages, universally understood in the quarantine 
practice of every port, which would be sent by the ship to 
the nearest land receiving station, preferably not more than 
twelve or less than four hours before arrival at the port. 
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The Port Sanitary Authority would eventually receive the 
messages, and, depending on their nature, would decide 
whether or not to permit the ship to enter the port with or 
without a medical examination, or to require it to anchor in 
the quarantine station of the port. This expedites the normal 
quarantine procedure and assists the Port Medical Officer 
by supplying him with advance inform 9 ;tion. A special code 
is used to save expense. 

(6) Scholastic Quarantine , — Since children are more sus- 
cepitable to infection, due measures specially to check the 
spread of the disease amongst them should be taken. Children 
from an infected house during the period of quarantine 
should not be permitted to attend school until the last case 
has ceased to be infectious. Closing of schools should not be 
enforced unless there be a clear prospect of preventing the 
spread of the disease. {See Medical Inspection of Schools). 

(c) Domestic Quarantine. — This often becomes necessary 
for members of an infected household. In the case of small- 
pox every member of such a house should be placed under a 
strict watch for a period of at least ten days after the last 
contact or until such persons are successfully vaccinated. 
Whenever possible quarantine should also be insisted upon 
with milk-men (Goala^), tailors, washer-men, etc. All per- 
sons, particularly children, should be strictly prohibited from 
entering into an infected house. 

Objections to Quarantine. — The objections to quarantine 
are as follows : — 

1. The infective period in some diseases being much 
longer than any period of quarantine, the infected persons 
and the contacts may carry infection for a longer period 
than can well be covered by quarantine. 

2. Quarantine very often interferes with food-supplies, 
and may thus cause privation and predisposition to disease ; 
and by interfering with trade it alters prices and affords 
strong temptation for evasion. 

3. The association of the healthy with the sick in a place 
(Lazaretto) is not only undesirable, but tends to keep the 
disease alive. 

4. The disease is very often concealed owing to fear of 
quarantine. 

4. IMMUNITY 

By immunity is meant non-susceptibility to a given 
disease or a given organism either under natural conditions 
or under conditions experimentally produced. By tolerance 
is meant partial or limited form of immunity. Although the 
term is generally applied to a condition produced after 
repeated use of certain drugs like opium, it is now used 
increasingly to denote the peculiar form of partial immunity 
that is developed in protozoal diseases like malaria. As a 

30 
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result of continued infection and reinfection with the malarial 
parasite a condition is established in which the host is able 
to live a more or less healthy life and to offer some resistance 
to reinfection while still harbouring the parasite in small 
numbers. This type of infection-immunity is spoken of as 
Holerance* or ^premunition\ 

The existence of immunity to infection was recognised 
ages ago. In ancient India and China the people had made 
the simple observation that a person who had recovered from 
an infectious disease, such as smallpox, was thereafter resis- 
tant to reinfection by the virus of the same disease. Thucy- 
dides in Greece had also made a somewhat similar observation 
with regard to plague. Although these people knew of 
the existence of immunity, it was not until the latter part of 
the eighteenth century that the true foundation for the 
study of immunity was laid. Jenner through his monu- 
mental work on smallpox vaccination gave a great impetus 
to the subject. Further progress was achieved through the 
researches of Pasteur in hydrophobia and anthrax ; Koch in 
tuberculosis ; Loefider, Behring, Eoux and Kitasato in diph- 
theria, tetanus, and pneumonia ; Haffkine in plague and 
cholera ; and Wright in enteric. Although our-knowledge of 
immunity mechanism is incomplete even now, many valuable 
contributions have been made on the subject within the last 
two decades. 

For purposes of description immunity may be classified as 
follows : — 


r species 

A. Natural or ] racial 

Inherited (individual 

/natural-through attack of disease. 


^active 


B, Acquired i 


artificial— induced through inoculation of 

(а) living virulent virus, 

(б) living attenuated virus, 

(c) dead virus, 

(d) toxin of virus. 


'^passive J 


( natural or congenital— through trans- 
ference of antibodies 
from mother to 
child. 


^induced— through inoculation of 

(a) anti-toxin serum, 

(b) anti-bacterial serum, 

(c) convalescent serum. 


A. Natural Immunity.— This form of immunity is pos- 
sessed by man and animal either from birth or acquired 
during growth by virtue of its species, racial or individual 
peculiarities. As an instance of species immunity may be 
mentioned the immunity of hens against tetanus, and of dogs^ 
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rats and mice against tuberculosis. The immunity of certain 
races to certain diseases, as for example the immunity of the 
negro to yellow fever, is considered by some as racial im- 
munity, Again some families are more resistant to certain 
diseases than others. Certain individuals also show varying 
degrees of immunity to some of the infectious diseases. In 
times of epidemics all persons exposed to infection do not 
contract the disease and even among those who develop it 
there are some who suffer more severely than others. All 
this is due to individttal immunity. Natural immunity is 
neither absolute nor permanent. Through the administra- 
tion of large doses of infective material it is possible to break 
down this immunity. The immunity of the hen to tetanus 
for example may be overcome by giving massive doses of 
tetanus toxin. In the same way it is also possible to enhance 
natural immunity by artificial means. 

B. Acquired Immunity. — Immunity may be acquired 
in two ways — actively, or passively. It is called (i) active 
when the individual’s own tissues play an active part in the 
process of acquiring the resistance, and {ii) passive when the 
resistance is acquired through introduction from without, 
of ready-made protective substances or antibodies from other 
animals of the same or another species. 

I. Active Acquired Immunity. —This again may arise 
(a) naturally, or (h) may be artificially induced. 

(a) Natural Active Acquired Immunity. — It is well-known 
that an attack of an infectious disease confers upon a person 
a certain amount of immunity from a second attack. The 
immunity that is so developed is known as natural active 
acquired immunity. While in smallpox, measles, chickenpox, 
plague and typhoid fever a high degree of immunity follows 
an attack of the disease ; in influenza, pneumonia and gonor- 
rhoea little or no immunity is conferred by an attack. 

{h) Artificial Active Acquired Immunity. — When active 
immunity results from inoculation of material containing 
antigenic substances derived from bacteria or viruses, it is 
known as artificial active immunity. The term vaccination is 
applied to all methods of artificial active immunisation and 
the material used for vaccination is known as vaccine. A 
vaccine may consist of (t) living virulent virus, {ii) living 
attenuated virus, (Hi) dead virus, (iv) split products from 
viruses, or (v) toxins. Various terms are also used to denote 
the method of manufacture of vaccines. Thus we have : live 
vaccine, in which the organism is alive and not dead ; sen- 
sitised vaccine, which is made by mixing the organisms with 
specific immune serum ; autogenous vaccine, which is made 
from the organism that is causing the infection in the 
patient ; stock vaccine, which is made from organisms obtained 
from similar condition in other patients ; polyvalent vaccine, 
which is made from several strains of the same organism 
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isolated from different cases ; mixed vaccine, which is made 
from two or more different organisms ; detoxicated vaccine, 
which is made after removal of endotoxin of organisms ; lipo 
vaccine, which is made by suspending organisms in oil instead 
of saline ; phylacogen, which is made from solutions of bac- 
terial cell bodies so as to be readily assimilable. 

Vaccines are generally given by injection in one or more 
doses at suitable intervals. Immunity is developed some 
days or weeks after the last injection, and is highly specific 
being effective only against the organism used for the 
preparation of the vaccine. The degree and duration of 
immunity vary considerably in different cases. After small- 
pox vaccination it is high and lasts a considerable time 
(several years) ; after vaccination for diphtheria, scarlet 
fever, typhoid, cholera and plague it is moderate and lasts 
for several months ; and after vaccination for influenza, and 
pneumonia it is slight and lasts a very short time only. 
Natural active immunity confers better and more lasting 
protection to an individual than artificial active immunity. 
The latter is of very great value in the prevention of disease 
and of limited value in treatment. 

II. Passive Acquired Immunity. — If an animal is im- 
munised by giving a series of injections of a vaccine in gradu- 
ally increasing doses and at suitable intervals, its serum is 
found to contain protective substances or antibodies which 
when injected into a susceptible animal confers immunity 
upon it, provided the serum is given either at the time of, or 
a short time after, the occurrence of infection. The im- 
munity that is thus conferred through the injection of serum 
containing specific antibodies from another animal is known 
as passive immunity. This immunity is of short duration 
and is of particular value in treatment — chiefly for tiding 
over a crisis when antibodies are lacking in the blood of the 
patient. In diseases like diphtheria, tetanus, measles and 
poliomyelitis, passive immunisation has not only been used 
for curative purposes but also in prophylaxis. 

Antisera are of three different types. Different terms 
have been used to denote the nature of these anti-sera. 
When bacterial cell body itself is used in the manufacture of 
an anti-serum the antibodies elaborated are found to have 
the power to agglutinate, opsonise, kill, or lyse the bacterial 
cell. The anti-serum in this case is known as antibacterial 
serum. Examples of such serum are anti-streptococcal, anti- 
meningococcal and anti-plague serum. On the other hand if 
the filtered toxin of a bacterium is used for the manufacture 
of anti-serum then the protective substances present in 
it have the power to neutralise the toxins of the organism 
only and in this case the serum is known as antitoxic serum. 
Examples of such serum are anti-diphtheritic and antitetanic 
serum. In virus diseases like measles and poliomyelitis the 
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serum of recovered cases contains specific antibodies for the 
virus. Such sera have been used for passive immunisation, 
and are known as convalescent sera. 

Two terms, commonly used in connection with immunity 
in recent times, need a word of explanation. They are 
herd immunity and local immunity. 

Herd Immunity. — By herd immunity is meant the im- 
munity of a group of people or a community taken as a whole. 
In the study of epidemic prevalence of infectious diseases, 
it is found that a consideration of herd immunity is of 
greater importance than that of individual immunity. It is 
well-known that epidemics disappear from a community long 
before 100 per cent, of the individuals composing the herd 
become immune. In a community of 100 persons complete 
immunity will be established even when, say, only 70 persons 
in it are actually immune. The other *30 persons although 
susceptible enjoy freedom from infection by virtue of their 
belonging to the herd. Thus herd or mass immunity differs 
from individual immunity. Furthermore a herd in addition 
to becoming immune in a manner similar to an individual 
can also become immune through a process of natural selec- 
tion, i.e. through the weeding out of the susceptibles in 
successive generations by disease and death. Similarly ex- 
amples of low resistance of certain populations to infections 
with which they have not come in contact previously for 
many generations are numerous in epidemiology. (Tuber- 
culosis among the aboriginal African tribes). 

Local Immunity. — This term has recently been employed 
by Besredka to denote the resistance offered by tissue cells 
to infecting agents. In opposition to the popular view he 
believes that the cells of the tissue attacked are the cells 
primarily concerned in protection and not antibodies or 
phagocytes. In typhoid and dysentery the causative orga- 
nisms attack the intestines and in anthrax the skin. If in 
these diseases the tissues attacked are rendered previously 
insusceptible then Besredka believes that the animal would 
behave as if completely immune. This immunity which is 
dependent upon the development of nonsusceptibility of 
tissues to the toxic action of organisms is known as local 
immunity. In connection with local immunity the term 
antivirus is often used. It is the name given to the material 
used for inducing local immunity. It is either a killed cul- 
ture of the organism or a filtrate from such culture. Experi- 
mentally Besredka has shown that the application of sta- 
phylococcus or streptococcus antivirus to the shaved skin of 
rabbits confers subsequent immunity to infection with these 
organisms. Some therefore believe that antivirus has valu- 
able curative and protective properties. Dressings soaked 
in antivirus have been used in the treatment of staphylo- 
coccal and streptococcal infections. 
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Bacteriophage 

The subject of bacteriophage is considered after immunity 
because, according to one view phage consititutes one of the 
defences against the ravages of pathogenic bacteria and is 
an essential factor both in cure of disease in the individual 
and in the decline and disappearance of epidemics from 
communities. The more widely phage is distributed in a 
community and its environment, the less is that community 
likely to suffer from epidemics. As this view of the import- 
ance of phage is not accepted by all, the public health 
authorities of this country are at present engaged in investi- 
gating the question further and therefore a consideration 
of the subject here will bo found both necessary and helpful. 

In 1917 d’Herelle found that the liltrates obtained from 
the liquid faeces of bacillary dysentery cases, when added in 
small quantities to young cultures of bacillus dysenterice 
(Shiga), produced lysis of the bacteria after a period of in- 
cubation. Filtrates of these lysed cultures also showed 
similar lytic properties. This property was not only trans- 
missible in series indetinltely from culture to culture but was 
also capable of growing in strength in each culture. From 
this d’Herelle suggested that the lytic agent was an ultra- 
microscopic virus and named it bacteriophage. Although the 
majority of subsequent workers are inclined to accept this 
view of d’Herelle yet there are some who believe that the 
lytic agent is a non-living substance of the nature of enzyme. 
This difference of opinion has stimulated greatly the study 
of phage and has led to very fruitful results. As a con- 
sequence, we are in possession of a good deal of facts regard- 
ing the properties of phage and its mode of action on bacte- 
rial organisms. Briefly, the most important properties of 
phage are its flltrability, its ability to multiply in the pre- 
sence of young growing bacteria, its resistance to heat and 
alcohol, its susceptibility to acids and alkalies, and its ability 
to act as an antigen. And as regards its action on organisms 
we know that in the presence of specific phage bacteria may 
get lysed, alter in virulence, change their cultural charac- 
teristics and become modified as regards antigenic properties. 
The organisms most susceptible to such action by phage are 
the members of the colon-typhoid group and the vibrios. 

The value of phage so far as the clinician and the public 
health worker are concerned is dependent upon its thera- 
peutic value. In diseases like cholera and dysentery the 
use of a specific highly potent phage is said to be of some 
value both in treatment and prevention. In India at the 
present time phage is being manufactured in several im- 
portant laboratories on a large scale and is being tried ex- 
tensively in the field for the cure and control of cholera. 
Experiments so far carried out independently in the 
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provinces of Madras, Assam, and United Provinces, have 
not yielded any conclusive results. All that can be said at 
present regarding the value of phage in cholera is (i) that 
in prophylaxis there is some evidence that administration 
of phage helps to reduce mortality though not morbidity, 
and (ii) that in treatment giving of phage is better than 
giving no treatment, but it is not distinctly better than 
giving other recognised forms of treatment. (For further 
information on phage^ vide section on Cholera). 

5. DISINFECTION 

Disinfection means destruction of the specific organisms 
of infectious diseases. Disinfectants or germicides are sub- 
stances which destroy pathogenic microbes, i.e, those which 
cause communicable diseases, and so prevent them from 
spreading. Antiseptics only inhibit growth and do not neces- 
sarily kill the microbes. Deodorants or deodorisers oxidise 
products of decomposition and so adsorb or destroy offensive 
smells. 

Practical disinfection is utilised for : — 

1. Destruction of microbes deposited on walls, crevices, 
floors, etc., of rooms, furniture, and other articles. 

2. Destruction of disease germs in bedding, clothing, etc. 

It is not enough to know that a substance is a dis- 
infectant, but the quantity to use and the degree of concen- 
tration required are important factors. It is also necessary 
that the disinfectant should come in direct contact with the 
micro-organisms. Some deodorants destroy offensive odours 
by simply substituting an agreeable or a strong smell 
without destroying the organisms giving rise to putrefactive 
odours. 

Disinfectants may be classified as follows : — 

I. Natural. 

II. Physical. 

III. Chemical. 

I. Natural Disinfectants 

Fresh air and sunlight are the natural disinfectants and 
kill most germs. By the process of desiccation all micro- 
organisms are sooner or later attenuated in their disease- 
producing activities. Typhoid, tuberculosis, and diphtheria 
bacilli resist drying for a long time, gradually losing their 
vitality. In fact it has been proved that direct sunlight will 
kill typhoid bacilli within one-half to two hours, and diffused 
day-light in about five hours. According to Koch, tubercle 
bacilli are killed by the sunlight in from a few minutes to 
several hours, according to the thickness of the mass exposed. 
Drying on the other hand inhibits multiplication of bacilli, 
and putting in the sun and air of bedding, clothes, and other 
articles often secures the desired degree of dryness, while 
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the oxygen of the air exercises a toxic influence on the orga- 
nisms that may have harboured in these articles. 

Sunlight is a strong germicide and aids disinfection to a 
great extent. Although a large number of micro-organisms, 
e,g, of diphtheria, plague, etc., are destroyed by the rays of 
the sun, yet as a disinfectant sunlight cannot absolutely 
be relied upon. The different rays have quite different 
effects on the micro-organisms. The red and yellow rays 
possess no disinfecting power. The blue-violet or the ultra- 
violet rays and the heat rays are powerful disinfectants. 
The tropical sunshine is rich in both the above rays, and 
natural disinfection of water in tanks, etc., is due to the 
presence of these rays. Diffused light, though less powerful, 
will also retard bacterial growth. Ultra-violet rays pro- 
duced by an electric discharge through mercury vapour 
contained in a quartz lamp in vacuo, have a powerful ger- 
micidal effect, and are used to purify drinking water. 

II. Physical Disinfectants 

Physical disinfectants include heat in its various forms 
and may be applied as : — 

A. Dry heat B. Moist heat 

1. Burning by fire. 1. Boiling. 

2. Hot dry air. 2. Steam. 

A. Dry Heat 

1. Burning . — This is the best means of disinfection, and 
should always be employed for articles of small value, e.g. 
rags in which discharges have been received, pillows, old 
mattresses, etc. The destruction of all these articles is 
usually carried out in a small destructor furnace which 
should also form a part of the disinfection station. If carried 
out in the open air small unburnt particles carrying infection 
may be scattered by the wind. Cholera and enteric excreta 
should be burnt by mixing them with saw-dust and kerosene 
oil to ensure their thorough and complete destruction. 

Cheap dwellings, like huts, that can readily be recon- 
structed, had better be disinfected by burning, especially 
where diseases like plague have occurred. Sputum and 
other discharges when small are best destroyed by fire. 

2. Hot Dry Air . — Formerly this was the principal method 
for disinfecting clothing, bedding, etc. But to ensure the 
destruction of bacteria and spores the temperature must be 
high and the heating prolonged. It has little power of pene- 
tration, and requires many hours for the centre of a mass of 
bedding to attain the required temperature for sterilisation, 
while some articles and fabrics are distinctly injured by the 
prolonged heating. For these reasons disinfection by dry 
heat has been replaced by steam disinfection except to kill 
lice and other insects. It is however useful for articles 
which will be spoilt by the action of water or steam, e.g. 
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leather articles, books, etc. These are placed in a chamber 
which is heated by gas or by steam contained in an outer 
jacket and a temperature of 100® C. is maintained for two hours. 
B. Moist Heat 

1. Boiling. — This is one of the most efficient methods of 
disinfection. Infected articles can he disinfected within 
about 20 minutes by boiling. It takes about 10 minutes to 
kill typhoid bacilli at a temperature of 140®F. and 5 minutes 
for comma bacilli at 126®F. In fact all bacteria and even 
spores are killed at the temperature of boiling water. Spores 
of many pathogenic micro-organisms are killed by boiling 
for 5 minutes. On the other hand Bacillus anthracis, B. 
tuherculosis and Streptococci of puerperal fever require boiling 
for a longer time for their destruction. Beds, linen, etc., are 
best disinfected by boiling. Bed j^ans, urinals, cooking 
utensils, and other vessels used for the sick are also disin- 
fected by this method. Clothes stained with blood and 
faeces should first be boiled or soaked in some disinfectant 
and then cleaned with soap and water. Floors, walls, tables, 
etc., may with advantage be disinfected by mechanical wash- 
ing with boiling water. An addition of 2 per cent, of wash- 
ing soda accelerates the germicidal power of boiling water. 
The disadvantages of this method are that it is slow, and 
not suited for woollen materials which shrink. It fixes 
albuminous stains, but if cold water is brought to boil it will 
not do so. 

2. Steam. — This is the most efficient and practical way 
of applying moist heat for purposes of disinfection. Its 
value depends upon the physical property which steam pos- 
sesses of parting with its latent heat in passing from the 
gaseous to the liquid state. Steam enables a higher tem- 
perature to be reached without any damage to the articles, 
and has a penetrating power infinitely more rapid than dry 
heat. 

When steam, whether current steam at normal pressure 
or high temperature steam under pressure, comes in contact 
with articles cooler than itself, it immediately condenses and 
in so doing parts with its latent heat. Successive volumes of 
steam condensing in this manner very rapidly penetrate and 
raise the temperature of the articles in a disinfecting appa- 
ratus. It is this rapidity of action that gives steam its great 
value as a means of sterilising infected articles. Steam will 
destroy all micro-organisms and spores at a temperature of 
212®F. in five minutes, whereas hot dry air would require a 
temperature of 250®F. for four hours. Steam used may be 
either Saturated or Superheated. When steam is generated 
by boiling water in a closed vessel, e.g. in a steam boiler, it 
accumulates under pressure, and the longer the water is 
boiled the greater will be the pressure. The steam so 
generated is called saturated steam. Saturated steam readily 
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conveys heat, and condenses to P^rt of its original 

volume as soon as it comes in contact with articles slightly 
cooler than itself, and by giving off its latent heat becomes 
smaller in volume; consequently more steam is drawn into 
the partial vacuum thus produced, and the process is re- 
peated until every portion of the articles is raised to the same 
temperature as the steam itself. Therefore disinfection by 
saturated steam should always be preferred on account of its 
more rapid and thorough penetration. The temperature of 
saturated steam may vary considerably and depends upon 
the pressure at which it is generated. By increasing the 
pressure, steam at temperatures above 212®F. can be ob- 
tained, but it always remains saturated as long as the pres- 
sure remains constant. If all the water in the vessel is con- 
verted into steam and the process of heating continued and 
pressure relaxed, the imprisoned steam is raised high in tem- 
perature, i.e. it becomes superheated. This superheated steam 
has properties similar to those of a dry gas, which has lost 
its physical character as vapour and cannot condense, and 
therefore it is inferior to saturated steam as a disinfectant. 

Current or low pressure steam disinfectors although cheap 
at the outset are expensive in the long run because they con- 
sume more fuel. They also have the great disadvantage of 
delivering articles wet and are not suitable for rapid work in 
a big disinfecting station. Moreover the higher the pressure 
of the steam the more rapid is the penetration, and the less 
time required for disinfection. A temperature of 234®F. to 
248°F. for twenty minutes is trustworthy in all cases. This 
is obtained by pressure of 15 to 20 lbs. per square inch. 

It should be remembered that some fabrics are damaged 
by heat ; woollen materials shrink when moist heat is applied 
and acquire a distinct yellow tinge when exposed to steam 
at 2600F. for about thirty minutes. Feathers become yellow 
or brittle after an exposure of four hours to moist heat at 
260OF. ; silk, cotton, and linen will stand a moist heat of 
260®F. for half an hour and dry heat of 230®F. for four hours 
with little damage. The majority of substances will stand 
a temperature of 230®F. without much injury. 

Steam Disinfecting Station. — A disinfecting station 
should consist of two rooms — one for the infected and the 
other for the disinfected articles. Each room should have 
a separate entrance and should be completely separated 
from the other by a wall, into which the stove is built, which 
communicates with both the rooms. The infected articles 
are placed on trays which can be easily introduced or 
removed from the disinfector. The time required for dis- 
infection depends on the bulk, the nature of the articles and 
the pressure of the steam employed. There should be 
arrangements for ascertaining the temperature of the interior 
of the stove at any time. 
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Of the high-pressure disinfectors the better known ones 
are the Washington-Lyon {Manlove and Alliott), the Equifex 
(Geneste-Herscher), and that of Goddard, Massey and Warner. 
The Beck’s apparatus and Thresh’ s Current Steam Bisinf ector 
are examples of low-pressure ones. 

1. A Modern Disinfector is an elongated cylindrical 
boiler, oval in section, with a steam-proof door at both ends. 
It consists of an outer and an inner chamber, the outer one 
enveloping the inner chamber and is called the ^^jacket.’^ This 
jacket is first filled with steam at about 20 lbs. to the inch 
pressure so as to thoroughly heat the walls of the disinfecting 
chamber. This prevents condensation on the walls of the 
steam subsequently admitted to the main chamber. The 
inner chamber contains a cradle or truck made of galvanised 
"iron wire, which runs on rails. The articles for disinfection 
are placed in the chamber and the doors locked home. Steam 
at 15 lb. pressure is then allowed to fill the chamber and at the 
same time a vacuum exhaust is set going to extract the air. 

By alternating the admission of steam and extraction of 
air very rapid action ensues; successive volumes of high tem- 
perature steam condense on the colder mattresses, blankets, 
etc., parting with their latent heat until the whole mass is 
raised to a uniform temperature. The exhaust is closed and 
steam is allowed to act at full pressure for about twelve 



Fig. 142.— Steam Disinfector. (Manlovo and Alliott). 


minutes. The steam valve is now closed, an air inlet is 
opened and the vacuum exhaust set to work drawing in a 
current of air and exhausting the steam. The very hot 
jacket aids this drying process and in a few minutes the door 
at the clean end of the disinfector is opened and the clothing 
and bedding removed not only sterilised but quite dry. 

This is a great saving of time which is all important when 
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(lealiDg with large bodies of men whose kits have to be 
disinfected, such as pilgrims entering on board ship. 

2. Threshes Ctirrenf Steam Disinfector consists of a cham- 
ber surrounded by a jacket. In this apparatus steam is 
generated from a saline solution, usually calcium chloride, 
which raises the boiling point of water above 212®F. without 
any extra pressure. The machine is so contrived that the 
original amount of calcium chloride may be used over and 
over again, the boiler being fed with water by an automatic 
feed cistern. Although it is a low pressure apparatus, the 
steam is hot, as it is given off from water over 212oF. It 
consists of two chambers ; the outer one contains the boiling 
saline solution, while in the inner chamber the articles to be 
disinfected are placed. When the temperature of the inner 
compartment reaches 225oF. steam is made to enter which 
disinfects the articles. 

3. Lelean's ^^Sack’' Disinfector is a light and simple 
apparatus for disinfecting clothing, bedding, etc., by means 

of current steam. It was 
originally used during the 
war, but has been modified 
to suit the requirements of 
municipalities. 

It consists of a seven 
gallon boiler, a hose pipe, 
a sack four feet long and 
two feet in diameter (fitted 
with a suspensory disc), a 
special pressure oil stove, 
and an insulating furnace. 

The sack, made of 
steam-proof canvas, is sus- 
pended like a bell, the 
lower end remaining open. 
The soiled articles hang 
from a frame with hooks 
fitted at the top. Steam 
admitted through the hose 
at the top fills the sack, 
and can be allowed to act 
as long as is considered 
Fig. 143.-Lelean^s Sack J)isinfe<;tor necessary. The hanging 

frame is fitted with a rope and pulley and can be lowered 
out of the open mouth of the sack and fresh articles hooked 
on and hauled up to the top. 

It has been shown that within two minutes of steam 
emerging from the inverted sack, all non-sporing organisms 
placed in the middle of the bundle just inside the sack mouth, 
were killed ; and the spores of anthrax similarly placed were 
found to be killed in five and a half minutes. 
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4. Serbian Barrel . — This is one of the best improvised 
methods of steam disinfection much used during the last 
war. It was first introduced in Serbia and Bulgaria during 
the typhus campaign for delousing clothes, etc. It consists 
of a barrel with a perforated bottom which rests on a sand 
bag collar to prevent the escape of steam which enters the 
barrel through the perforated holes from a metal tank con- 
taining water upon which it rests. The top of the barrel is 
covered with a removable lid with hooks to hang soiled 
articles, clothes, etc. The barrel with the boiler is placed 
on a brick-work frame forming the furnace. 



Fro. 144.— The Serbian Barrel. 

A, Cov^er; B, Hooks for hanging clothing; C, Perforated wooden 
frame; D, Sand bag collar; E, Stoking pit; F, Opening for stoking; 
O, Chimney; H, Furnace ; I, Clay casting. 

III. Chemical Disinfectants 

The exact manner in which the chemical disinfectants 
act is not fully understood. The degree of ionisation of 
a solution may possibly have an important bearing on its 
disinfecting efficiency. Briefly, disinfectants act (a) by 
oxidising the protoplasm of the bacteria, e.g. the halogen 
compounds, bleaching powder and potassium permanganate 
liberate nascent oxygen ; (6) by coagulating the protoplasm 
of the bacteria, e.g. the phenols and their derivatives; (c) by 
ionic coagulation, e.g. the metallic salts; (d) by absorption 
of water (desiccation); and (e) by emulsoid action and 
adsorption. Admitting the value of the disinfectants, there 
are certain limitations. For instance, the presence of elec- 
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trolytes may lower their value; oxidisiug agents give up 
oxygen so rapidly that they soon become inert; and lastly 
the metallic disinfectants do not penetrate readily. The 
temperature has also some significance. For instance, the 
germicidal value of phenol increases 7 to 8 times with every 
10®C. rise of the temperature. Warm solutions are there- 
fore more useful and should be used. 

The choice of a germicide depends on the nature of the 
substance to be disinfected and upon the resistance of the 
organisms. Thus, perchloride of mercury 1 in 1000 solution, 
or carbolic acid 2.5 p.c. solution, will not kill the spores of 
tetanus. Whereas a weak solution of hypochlorite will 
sterilise water, a strong solution is needed to disinfect 
fabrics. The choice of the disinfectant, its strength, the 
time of application, the temperature of the solution and the 
method of application all require careful consideration for 
each particular class of infection. 

The factors which influence the action of disinfectants 
are many, viz, (a) the nature of the invading organism and 
the number present ; (b) the nature and strength of the 
antiseptic used and the extent to which its action is affected 
by the presence of organic matter ; (c) the time taken by the 
disinfectant to act efliciently ; (d) the nature of the solvent 
used; and (e) the temperature. 

The following are the requirements of an efficient dis- 
infectant : — 

1. It must be a powerful germicide and rapid in action 
and should possess great power of penetration. 

2. It should have a definite efficiency for particular 
organisms under given conditions, and should be permanently 
homogeneous, 

3. Its chemical properties should be such as will render 
it fit for ordinary use and not become inert by fmcal or any 
polluting material, i.e, it should be stable in the presence 
of organic matter. 

4. It should not have any injurious effects on human 
tissues and materials submitted for disinfection. 

5. It should be soluble in water or form a uniform emul- 
sion in all proportions. 

6. It should be fairly cheap, and should not act on 
metals, bleach pigment or spoil fabrics, and be neither toxic 
nor caustic. 

7. It should have a high solvent power for grease. 

Such an ideal disinfectant is not known; therefore, con- 
siderable discretion is necessary in the use of the known 
ones. 

Standardisation of Disinfectants , — In order that the 
different disinfectants may be used with some amount of 
precision it is essential to have some idea of the relative 
potency of these substances. Therefore a standard method 
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of testing the various disinfectants under precisely similar 
conditions is of considerable importance. This is done by 
comparing with phenol, a method devised by Eideal and 
Walker. The minimal concentration of phenol which will 
kill a twentyfour hours’ culture of B. typhosus in a certain 
length of time is first determined, and then the concentration 
of some unknown disinfectant which will produce the same 
effect under the same conditions is determined. The con- 
centration of the phenol thus obtained, divided by the con- 
centration of the unknown disinfectant, gives a figure which 
is known as the Rideal- Walker or Carbolic Acid Coefficient oi 
the disinfectant tested. A low carbolic coefficient expressed 
as a number less than unity usually means that the substance 
possesses slight disinfecting value. 

The British Admiralty method of determining the germ- 
icidal value of a disinfectant fluid is the best, and is done as 
follows : — 

10 c.c. of the fluid is diluted to 1000 c.c. with sterile 
artificial sea water (32 grms. of Tidman’s sea salt in 1 litre 
of water) and allowed to stand in a cylinder having a dia- 
meter of not more than 7 cm. for 24 hours. A portion of 
this mixture is removed from the middle with a pipette for 
test purposes, the standard being crystallised phenol also 
dissolved in artificial sea water. 

The organism is B, typhosus ^‘Eawling” strain, and the 
culture grown for 24 hours in standardised nutrient broth 
at 37^0. The diluting medium is a sterile solution of 0.5 
p.c. gelatin in water with 0.5 p.c. finely ground rice starch 
in suspension. 0.25 c.c. of the culture is added to 5 c.c. of 
each dilution and shaken. The organisms remain in contact 
with the disinfectant for 10 minutes, the temperature of the 
broth and the room being 10® and 18® C. A loopful is trans- 
ferred to the standardised nutrient broth and incubated at 
37® C. for 48 hours and then the record is taken. 

The following chemicals are ordinarily used as dis- 
infectants : — 

Carbolic Acid Powder, — This is chiefly used as a de- 
odorant but is of questionable value. 

Lime. — Lime is one of the cheapest and powerful dis- 
infectants and for which purpose quick lime (freshly burnt) 
should be used. A 1 p.c. solution kills non-sporing bacteria 
in a few hours. A 3 p.c, solution kills typhoid bacilli and a 
20 p.c. solution added to faeces disinfects it in an hour. It 
can be used to purify water, to disinfect stools, floors, etc. 
It must be fresh and a good sample should not contain any 
chalk and should not effervesce with dilute mineral acids. 
For disinfection of stools equal portions should be used and 
thoroughly mixed with a stick and allowed to stand for two 
hours. The perfunctory sprinkling of lime over stools is 
useless. The powder absorbs moisture and CO 2 from the 
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air so that it must be freshly burnt to be of value. As a 
disinfectant it is used in the form of milk of lime which is 
prepared in the following manner: 1 part of small pieces 
of quicklime is added to 2 parts of water ; one pint of which 
is added to a gallon of water and the resulting milk of lime 
is utilised for the disinfection. 

Perchloride of Mercury {Corrosive Sublimate), — It is a 
powerful and cheap germicide and destroys all forms of 
microbic life in relatively weak solutions. A solution of 1 in 
1000 kills anthrax, diphtheria, glanders, typhoid bacilli and 
the vibrios of cholera in ten minutes and in solution of 
1 in 500 it destroys spores. There are certain drawbacks 
to its use, viz. (a) it acts upon metals ; (5) its germicidal 
property is neutralised by its coming in contact with albu- 
minous substances and forming an insoluble albuminate of 
mercury ; and (c) it is not a good disinfectant for linens. 

It is highly poisonous, and as it forms a colourless and 
odourless solution it is usually coloured with some harmless 
aniline dye to avoid accidental poisoning. In the form of 
tablets it is commonly sold as ^‘soloids” or “solubes,’^ and 
one tablet in a pint of water forms a lotion of the strength 
of 1 in 1000. 

The addition of acids or salts (hydrochloric or tartaric 
acid, and sodium or ammonium chloride) x)revents or reduces 
the formation of insoluble albuminates and increases its 
solubility. These form double salts which are less dissoci- 
able and therefore somewhat less active. The Ministry of 
Health recommended ^ oz. of perchloride of mercury, 1 oz. 
of hydrochloric acid, and 5 grs. of aniline blue in 3 gallons 
of water as an efficient disinfecting lotion. 

Mercuric Iodide is less poisonous, and does not pre- 
cipitate albumin. Although it is not soluble in water it is dis- 
solved in excess of potassium iodide and sold under the 
name of mercuric potassium iodide. It can be incorporated 
with soap. A solution of 1 in 1000 is ordinarily used for 
disinfection. It is largely used in surgical practice. 

The Coal-tar Disinfectants, — These are compounds of (a) 
hydrocarbons and inert oils and bases ; {h) phenols and 
phenol-like bodies, e.g. cresols and similar products ; and (c) 
emulsifying agents such as soap, resins, albuminoid bodies 
and water. The germicidal agents in the different coal-tar 
preparations are the phenols, cresols and their higher homo- 
logues. Soaps and resins are employed to help emulsifica- 
tion, but these are easily acted upon by such electrolytes as 
sodium chloride, calcium salts and organic matter which 
thus destroy the emulsion. The value of these disinfectants 
depends upon their power of forming a fine emulsion with 
organic solutions and salt water. The many commercial 
preparations on the market vary immensely in their value. 
They are usually of two kinds, viz, white, like izal, and 
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brown, like phenyl ; the colour being caused by the emulsify- 
ing agent used. They form a milky emulsion with water 
and have the advantage over carbolic acid in being less 
poisonous and cheaper and ten to fifteen times more powerful. 

They should be tested for ; — 

1. The Rideah Walker Coefficient, Many contain only 
neutral tar oils. 

2. Their emulsifying power in the presence of salts. 
Many which form good emulsions with distilled water hard- 
ly emulsify at all if mixed with 1 p.c. salt solution. Such 
preparations are of small value. 

The following coal-tar preparations are used : — 

(i) Carbolic Acid or Phenol. — Crude carbolic acid is obtain- 
ed from distillation of tar and is a mixture of phenol, ortho-, 
meta- and para-cresols and inert tar oils. It is very slight- 
ly affected by albuminoids, and is generally stable in 
the presence of organic matter at ordinary temperature. 
It is poisonous and caustic. A 2 per cent, solution will kill 
ordinary sporeless bacilli in from a few minutes to ten hours, 
while it is practically useless for spore-bearing organisms. 
When dissolved in alcohol or ether, phenol loses its germ- 
icidial value, but the disinfecting power is greatly increased 
by the addition up to saturation of common salt or hydro- 
chloric acid. Its chief value is as a standard, as its dis- 
infecting power is comparatively low. It is cheap and does 
not coagulate albumin, nor affect metals, but has a caustic 
effect on the hands, so that it must bo applied with a mop 
or spray. It is well adapted for mopping floors, side walls 
and ceilings. As a disinfectant its working strength should 
be 1 in 20. In this strength it does not harm fabrics or 
affect colours or metals, but may leave a stain due to the 
presence of tar oils and other impurities. Pure phenol, 
though not so efficient as crude phenol, does not stain. 

(fO Phenyl. — It is a very popular disinfectant and is 
twice as powerful as carbolic acid and has the advantage 
of being cheap. 

{Hi) Izal.—li is an emulsion of higher phenols in water 
and is a powerful germicide for bacilli of the coli-typhoid 
group. It is eight times more powerful than phenol. A solu- 
tion of 1 in 500 completely disinfects typhoid stools in fifteen 
minutes, and 1 in 600 renders typhoid urine aseptic in five 
minutes (Klein). 

{iv) CylUn is seventeen times more powerful than phenol 
and is cheap and efficient ; useful for disinfecting privies 
and dr{|ins in the strength of 1 in 150. 

Hycol is also a coal-tar derivative and has a pleasant 
smell. As a disinfectant it is similar to cyllin and is about 
twenty times stronger than carbolic acid. It forms a dark- 
brown solution with water. 

(vi) Creolin. — It is an emulsified cresol in a solution of 
31 
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hard soap and is one-tenth the strength of phenol as a 
disinfectant. Albumin makes it somewhat inert. It forms a 
milky solution with water and is used in 2 p.c. solution. Its 
carbolic acid coefficient is 3.25 without organic matter, and 
2.52 with organic matter. 

{vii) Lysol or Liquor Cresolis Saponatus is a brown, oily- 
looking, clear liquid. It is a solution of cresol (50 per cent.) 
in neutral potash soap and is soluble in water. The British 
Pharmacopoeia formula is as follows : — Cresol, 500 mils ; 
linseed oil, 180 grms. ; potassium hydroxide 42 grms. ; 
distilled water, q.s. to 1000 mils. A 2 per cent, solution 
destroys ordinary bacteria in an hour. It is more effective 
than creolin and is not readily acted upon by albuminous 
fluids. The working strength of the solution should be 1 
in 25. Its carbolic acid coefficient is 2.12 without organic 
matter, and 1.87 with organic matter. 

Potassium Permanganate . — It is a powerful oxidising 
agent, each molecule parts with 5 atoms of oxygen. It stains 
fabrics brown which may be removed with oxalic acid or 
lemon juice. It is generally used as a disinfectant in 5 per 
cent, solution, but in less than a half per cent, solution it 
acts only as a deodorant. It is expensive and very soon be- 
comes inert by organic matter. Largely used for wells, 
utensils, etc. 

Soap is largely used as a popular disinfectant, but its 
value as such is very limited. It was thought that the alkali 
present in the soap acted as a germicide, but it is present in 
so small a quantity as to possess no disinfecting action 
whatever. In fact apart from being a detergent, soap has 
no disinfecting power, yet when used with heat accompanied 
by mechanical cleansing it is of great use as a sanitary mea- 
sure. Soap should be used with hot water. The addition of 
caustic alkalies increases its value as a cleansing agent, 
which is more important than its germicidal action. 

A thorough washing of the hands with the formation 
of a good lather will destroy any adhering diphtheria bacilli, 
streptococci, and pneumococci. Cocoanut soap is the only 
soap appreciably active against typhoid bacillus at ordinary 
temperature. But to kill the bacilli on the hands, the 
washing should extend over a period of at least three 
minutes, with the formation of exceedingly stiff lather. This 
activity is said to be due to its high content of saturated 
fatty acids and the very low proportion of unsaturated 
acids. 

Sulphurous Acid , — This is used as a gaseous disinfectant 
and is usually obtained by burning sulphur. It is very 
poisonous to mammalian and insect life but is less effective 
against bacteria than formaldehyde. Its action as a germ- 
icide depends upon the presence of moisture as the dry gas is 
practically inert, and the concentration must be at least 1 
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p.c. It is especially valuable for disinfecting ships, cars, gra- 
naries, stables, out-houses and places infested with vermin. 

It bleaches all colouring matters of vegetable origin and 
many aniline dyes, attacks all metals, and acts on cotton 
and linen fabrics. 

All the openings of the room should be completely closed 
and all cracks pasted over with paper, the moisture is sup- 
plied by wetting the walls with sprays or by keeping a kettle 
of water boiling. About a pound of sulphur broken and 
moistened with methylated spirit should be allowed to burn 
in a vessel. The room should be kept closed for six hours. 
Two pounds of sulphur when burnt give off slightly over 
2 p.c. of SO 2 to the atmosphere of the room and will disinfect 



Fig. 145.— Clayton Disinfector. 

Showing room undergoing disinfection. 

a room of 1000 cubic feet. For deratization of ships the In- 
ternational Sanitary Convention does not prescribe standards 
of concentration and exposure. The American standard is 
three pounds of sulphur per 1000 cubic feet for a minimum 
period of 4 hours, but the Ministry of Health recommends a 
minimum period of exposure of 8 to 12 hours. For fumigation 
sulphur is used in the following ways : — 

1. The Pot This is the easiest and cheapest 

method, and is done by putting powdered sulphur in large 
iron pots placed in a tub of water. This water furnishes the 
moisture necessary to hydrate the SO 2 . The sulphur is 
soaked with alcohol and if arranged with a hollow in the 
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centre in the form of a lake it burns quite well. Sulphur 
candles are available and may also be used. As the gas is 
heavy the pot should be placed high up in the room. 

2. Liquid Sulphur Dioxide , — This is rather expensive 
but the gas is liberated rapidly. It has the advantage of 
avoiding accidental tire, and is used only for deratization of 
small compartments and life-boats. 

3. The Clayton Disinfector , — The j)rinciple underlying 
this method is the generation of special combinations of 
oxygen and sulphur. This is done by burning sulphur in an 
iron generator, and the machiifb abstracts the air from the 
room to be disinfected by the use of a fan and passes it over 
burning sulphur. The resulting products of combustion are 
air cooled by passing through a kind of radiator before 
reaching the fan. These are then driven through a hose- 
pipe into the room to be disinfected, the air from which 



Fig. 146 .— Skction of a Clayton Disinfkotor. 


passes back by means of a return pipe to the generator. 
(Fig. 145 and 146). 

The Clayton apparatus is an effective method of using 
SO 2 and can be adopted without interfering with, or remov- 
ing the usual contents of a room. The gas generated by it 
has great penetrating power, and is fatal in time to all 
pathogenic organisms with the exception of the spores of 
anthrax. Its chief value is for the destruction of rats, 
bugs, lice and other vermins and their eggs. The apparatus 
needs careful attention as the radiation pipes get clogged. 
The gas is often found to hold a very low percentage of 
SO 2 , about 3 p. c. 

Chlorine.— ‘It is an irritant and heavy gas, and the dis- 
infectant and deodorant properties depend on its afQnity 
for hydrogen when it liberates nascent oxygen which has a 
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great affinity for organic matter generally and bacteria in 
particular. Therefore it is essential that a certain amount 
of moisture should be present. When used in 0.5 to 1 p.c. 
solution it will kill most bacteria in from 1 to 5 minutes. 
A 5 p.c. solution destroys spores within one hour. As com- 
pared with SO 2 it is slightly more irritant and possesses 
greater bleaching properties. 

For disinfection of a room it is produced by the action 
of an acid on bleaching powder when chlorine will be liber- 
ated. The quantity required being two pounds of bleaching 
powder and one pound of commercial acid for every 1000 
cubic feet of space. To insure distribution of the gas the 
mixture should be put into several vessels and placed high 
up in the room. 

Chloropicrin (CI3ONO2) in concentration of 20 c.c. for 
every cubic metre of air and acting for 12 to 18 hours was 
found valuable as an insecticide for adult insects in ships. 
On the ship it is either evaporated by sprinkling or from 
rags soaked in the solution and suspended in the room. 
Kooms must be made air-tight. The vapour has great pene- 
trating power and passes through several layers of cloth and 
does not affect metals under normal atmospheric conditions. 
Food articles easily adsorb it and gradually evaporate it. 
The only drawback is the necessity of prolonged ventilation 
following its applicatian. 

Chlorocjen is a hypochlorite fixed in an alkaline solution, 
and contains 4 to 5 p.c. available chlorine. Chlorcs (hypo- 
chlorite of soda) was used by ITouston for sterilising water, 
but to be of any use it must have 12 to 14 p.c. of available 
chlorine. In India it is not sufficiently stable to be of any 
practical use. Hutchinson recently introduced ^^Electrolytic 
Chlorine^' which has a greater stability under Indian condi- 
tions, and the available chlorine is low — 2J to 3 p.c. It is 
produced by electrolysis of brine and keeping the tempera- 
ture uniformly low to prevent evolution of chlorine gas. 

Chlorine is usually used in the form of chlorinated lime or 
hleachiny powder which should contain about 35 per cent, of 
available chlorine. It is an unstable compound and rapidly 
parts with its chlorine. Every batch of bleaching powder 
should be tested to estimate the amount of available chlorine. 
For disinfecting purposes chlorine must always be used in 
excess. Where the amount of organic matter is small and 
the objects are not likely to be injured, the hypochlorites 
are among the best disinfectants when used fresh. 

Formaldehyde. — This is used as a vapour and is a powerful 
disinfectant. For purposes of fumigation formaldehyde has 
the advantage over sulphurous acid and chlorine in having 
a lower density wffiich gives it greater power of penetra- 
tion. It does not bleach textiles or act on metals. Formal- 
dehyde vapour is useful for disinfecting delicate articles 
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such as silk, fur and books. It also kills mosquitoes, fleas 
and lice. 

After the completion of the period 
of fumigation all the doors and win- 
dows should be opened out to allow 
the gas to pass away. It may be 
used in the following ways : — 

1. The Permanganate Method . — 

For this purpose special tin buckets 
or jars are used. 5 oz. of potassium 
permanganate is placed in the jar 
(for every 1000 c.ft. of space) and 
then on top of this is poured 10 to 
15 oz. of 40 p.c. formalin diluted with 
an equal volume of water. As soon 
as the reagents are mixed a violent I'm* 147.— Tin Bucket 
eflervescence takes place, and within (Jenkrating Fomal- 
a few minutes the whole of the 

formaldehyde is set free. This gas is very dry and highly 
inflammable, therefore no naked Are of any kind must be 
brought near for fear of explosion. The permanganate 
should not be put on the formalin as there will be a violent 
explosion. This method is effective, simple, rapid and by 
virtue of the inexpensive apparatus required is preferable 
to the older and more cumbersome methods. There is time 
for the operator to withdraw. The period of disinfection 
should be six hours. Heat and moisture are essential for 
efficient disinfection. 

Instead of permanganate of potassium, bleaching powder 
may also be used. For every 1000 c.ft. of space 2 lb. of 
bleaching powder and 2 pints of formalin are required. The 
bleach is first made into a paste with water and formalin 
is poured into it. 




Fig. 148.— Para- 
form Lamp. 


2. The Paraform Method . — By heating 
formalin the aldehyde changes into solid 
polymeride paraform. The gas is generated 
by heating paraform tablets (1 grm. each) in 
a special form of lamp (Alphormant lamp). 
Usually twenty-five to thirty tablets are 
required for a room 1000 cubic feet. 

3. Formalin Spray . — Formaldehyde is 
also used in solution as formalin and as such 
is a valuable disinfectant, superior to cor- 
rosive sublimate, as its action is not retarded 
in the presence of albuminous matter. For- 
malin is a 40 p.c, solution of formaldehyde 
gas dissolved in water. The solution attacks 
iron and steel, but not copper, brass, nickel 
and zinc. It does not bleach fabrics, but 
renders leather, fur and skin brittle. A ten 
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per cent, solution of formalin in water is as strong an 
antiseptic as 1 in 500 solution of corrosive sublimate. It 
is useful for disinfecting water-closets, cabinets, ward- 
robes, etc. 

Hydrocyanic Acid . — This gas is inert against bacteria, 
but is highly effective when used as a gas against rats, fleas, 
bugs, and other vermins. It may be pumped into rat holes 
in cases of plague and has practically replaced SO 2 as 
a fumigant in all the larger ports of United States of 
America. 

It should be clearly understood that the gas is highly 
poisonous and should not be used to disinfect any room un- 
less the whole house is evacuated. Moreover it should 
never be used except by trained operators who are aware of 
its dangers and are provided with gas masks. To be efficient 
the concentration of the gas should be 1.5 p.c. 

The gas is generated by mixing 5 oz. of sodium cyanide, 
7^ oz. of sulphuric acid, and 10 oz. of water ; and this is 
sufficient for 1000 c.ft. 

Cyanogen chloride and Zyklon-B are also used. Zyklon-B 
gives warning by the production of severe lachrymation. 
Zyklon consists of diatomite, a porous granulated siliceous 
earth, holding its own weight of liquid hydrocyanic acid 
together with a tear gas. The gas is very poisonous and 
therefore only a trained staff should be employed who should 
use respirators. Zyklon-B and liquid hydrocyanic acid have 
taken the place of old barrel methods of generating either 
hydrogen cyanide alone or hydrogen cyanide-cyanogen chlor- 
ide gas mixture. Liquid hydrocyanic acid is supplied in 
heavy metal cylinders each containing 75 lbs. of liquid which 
is transferred to smaller dosing cylinders each holding about 
12 lbs. The dosage is 2 oz. for 1000 cubic feet. The staff 
should always work in pairs and gas masks must always be 
worn during dosing or subsequent opening up for ventila- 
tion. Test animals should first be lowered into the holds 
before the fumigator goes down to see if the gas is still 
present. There is still some danger of the gas being absorbed 
through the clothes and the skin. 

Investigation oe Infectious Diseases 

According to Whitelegge enquiries on the following 
points should always be made in investigating a case of 
notifiable disease : — 

1. Patient.— AddresBy name, sex, age, date of onset, date 
of rash, present and past isolation, probable source of infec- 
tion, recent contact with infected persona or things. 

2. Household, (including patient).— Sex and age of each 
inmate, susceptibility (as shown by history of previous 
attack), date of previous attack (if any), occupation, place of 
work or school and date of last attendance thereat. 
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3. Work or business carried on in the house. 

4. Water-supply and milk-supply. 

5. Sanitary condition of the premises and surroundings. 

6. Previous cases of the disease in the house, or in the 
vicinity, or at the school or place of work. 

In dealing with an outbreak of small-pox further enquiry 
must be made regarding the condition of each individual as 
to vaccination and re-vaccination, noting the dates. En- 
quiries about the appearance in the house of rats (dead or 
living) in cases of plague should be made. 

Spot maps are maps of a district or a town on which 
death or cases of various infectious diseases are noted on ‘the 
locality when they occur. They are very important to 
sanitary officers as they give valuable graphic impressions 
of any groupings of such deaths or sickness. These epidemic 
spot maps should be employed for a short period only, since 
they are not of much value when they cover a period of 
several months or years. 


Gp:neral Preventive Measures Against Epidemic 
Diseases 

Since the nature and mode of f)ropagation of the epidemic 
diseases differ from one another, it follows that the mea- 
sures appropriate for their prevention must necessarily vary. 
It is, therefore, not possible to lay down any definite and 
formulated rules that will help the student to cope with all 
the diseases. Thus, malaria, which is carried by mosquitoes, 
will require measures quite different from those necessary 
for diseases like cholera or enteric fever, where the infection 
is disseminated mainly by the intestinal discharges of the 
patient. Moreover, the same disease may at different times 
be propagated by different routes. For instance, diphtheria 
may be spread by personal contact or by the distribution 
of infected milk. In cases where the disease is conveyed 
through an intermediary, a knowledge of the bionomics of 
the animal in question is of great practical value. A cam- 
paign against rats and fleas would be useless as a preventive 
measure without a complete knowledge of their habits. The 
same is true for malaria, where a knowledge of the habits of 
the malaria-carrying mosquitoes is equally necessary. To 
be effective, preventive measures must be based on a know- 
ledge of the etiology of the disease and of its diff'erent modes 
of transmission before effective measures against it can be 
adopted. Certain general principles which will apply prac- 
tically to all infectious diseases may be discussed. 

In every case of an epidemic it is of primary importance 
to obtain information of the first cases of the disease. This 
will enable the sanitary officers to take effective measures 
against the spread of the epidemic. It is rarely that in an 
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outbreak of an infectious disease the early cases are prom- 
ptly recognised. In some instances through wilful suppres- 
sion, more often through want of familiarity with the disease, 
these cases pass unrecognised. The possibility of the pre- 
sence of carriers in the aftected area should not be lost sight 
of. These carriers should be detected and suitable steps 
taken against them. Particular attention should be paid to 
the poorer classes living in the hustees under the most in- 
sanitary conditions. Common lodging houses require careful 
watching in view of the liability of the people who frequent 
these houses to contract and carry about infectious diseases. 

Every care should be taken to localise the infection by 
preventing unnecessary association of the sick with the 
healthy. In the event of an infectious disease occurring in 
a private house, the patient should, whenever y)Ossible, be 
removed to some safer quarter. A room on the top floor, if 
provided with sufficient windows, should be preferred. 
Those persons who came into direct contact with the patient 
should be kept under observation till the period of incuba- 
tion is over. 

Overcrowding should be prevented, and ample ventila- 
tion enforced in the sickroom. Kefuse should not be allowed 
to accumulate and the articles requiring disinfection should 
be disinfected with all possible haste. 

The effect of sunlight and fresh air should not be for- 
gotten. Special care should be taken with regard to the 
excreta and other discharges from the sick. The discharges 
from the nose and throat of diphtheria, measles, etc., should 
be treated as infective. The bedding, clothing and other 
articles which were used by the patient should be similarly 
dealt with. It is desirable, if not essential, that all these 
soiled articles should be destroyed by lire; or else they 
should be subjected to a thorough disinfection. The stools 
of cholera and enteric patients should be disinfected before 
being disposed of or being allowed to pass into house drain 
or server. 

Always examine the water-supply. The well or the tank 
may be polluted by animal refuse, leakage from kiitcha drains 
and foul ditches, and washings of infected clothes. Under 
no circumstances should this water be used for drinking 
purposes. If, however, the only source of water-supply is 
not above suspicion, careful instruction should be given to 
boil the water before drinking. Ordinary domestic hlters 
should not be relied upon. Arrangement should be made 
to disinfect the water by suitable means, e.g. bleaching 
powder. 

If, however, the infection is traced to the milk-supply, 
the cleanliness of the cans, the purity of the water used in 
washing them, the health of the persons engaged in the 
dairies, the condition of the dairies, the way the milk is 
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stored and carried, require a thorough investigation. In 
every case insist on boiling the milk before use. 

In any campaign against infectious disease success 
depends largely on the co-operation of the people. It is 
therefore necessary that they should be acquainted with the 
precautionary measures which they can adopt against the 
epidemic wliich threatens, and what vigilance is necessary 
with regard to its early symptoms. Printed handbills, pla- 
cards, popular lectures with magic-lantern demonstrations, 
and in certain cases house to house visitation by competent 
and discreet persons may help in quieting unnecessary alarm 
and assisting the ignorant masses to do what is needful for 
their own safety. 

Practical Methods on Disinfection 

The chief point to be aimed at is the efficiency of the 
disinfectants used and to see that there is nothing to disturb 
their efficient working. Since success depends upon attend- 
ing to the minute details, no part of tlie work should be left 
to inexperienced persons. The presence of albuminous 
matters, the nature of the materials to be disinfected, the 
character of the water used for the dilution of the disinfec- 
tant fluid, the strength of the solutions and the mode of ap- 
plication, all require careful attention. Hard water inter- 
feres with the property of the disinfectants ; soft water 
should therefore always be used. Disinfectants again act 
better at a high temperature and are more powerful when 
in a state of emulsion than when in solution. 

Practical disinfection includes disinfection of the sick 
room, inhabited rooms, persons, clothing, eft'ete materials, 
dead bodies, bath rooms, etc. And since the infective or- 
ganisms cannot be seen or located, it is necessary to apply 
the disinfecting agent to every inch of the surface of the 
room and all its contents so that the possibility of escaping 
the particular spot will be nil. 

Bisinfection of Clothinfj . — Infected clothes should be 
disinfected by heat, and the best way of doing it is by boil- 
ing for half an hour. Where a steam disinfector is available 
all infected articles should be sent there in gunny bags pre- 
viously damped outside with water for proper treatment. 
They may also be disinfected by immersing them in phenol 
5 x).c. ; formalin 10 p.c. ; or in a solution of corrosive subli- 
mate 1 in 1000. If the clothes are soiled with discharges, 
as blood, excreta or pus, they require very careful treatment 
otherwise they will become permanently spoiled by the 
coagulation of the albuminous matter becoming fixed in the 
fibres. These should be wrapped in a sheet soaked in subli- 
mate solution and then put in a sack also moistened with 
some antiseptic lotion. The whole thing is then placed in a 
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solution of soft soap (3 p.c.) and heated to 5()®C. for three 
hours and after two days the contents are taken out and 
boiled in a solution containing petroleum 10 grms., soft soap 
250 grms., in water 30 litres (Eosenaii). 

Woollen articles, leather goods, books, etc., which are 
liable to be damaged by steam are best treated by hanging 
on wires in a zinc lined chamber and then exposed to 5 p.c. 
formaldehyde. 

Disinfection of Infected Room , — The methods employed 
in disinfecting a room will vary with the nature of the in- 
fection. Spraying, the use of gaseous disinfectants, or floor 
washing are the means usually adopted. In case of* plague 
our efforts should be directed against rats, mice, fleas, and 
the destruction of the plague bacillus ; in case of cholera 
or typhoid fever attention should be paid to the urine, fseces 
and articles soiled by them. Common articles such as bed- 
ding, carpets, rugs, etc., which are liable to be infected, 
should be treated separately, but should not be removed till 
disinfection by fumigation is over. These should after- 
wards be dealt with either by boiling or steam, as gaseous 
disinfectants do not penetrate enough to render these 
articles absolutely germ free. Gaseous disinfectants are 
of little value in case of Indian huts, as disinfection by 
fumigation entails closing up of all openings to make the 
room practically gas-tight. This is impossible in huts on 
account of their defective construction. These should be 
disinfected by washing or spraying with some suitable 
chemical and article after article should be removed and 
separately dealt with. 

In proceeding to disinfect a room the floor should receive 
attention first, as the germs, the fleas, and the infected 
materials, e.g. vomited matter and stool, generally lie on 
the floor. Even in cases of small-pox the infected particles 
of skin, which are carried about by the air gradually settle 
on the floor. Moreover, the custom of sleeping on the 
ground, especially amongst the poor, makes the floor very 
infective from the excreta and discharges of the patients. 
The walls, if necessary, should be disinfected by washing 
and spraying, and the floor washed with acid solution of 
perchloride of mercury 1 in 1000, or bleaching powder. In 
cases of cholera the floor may be disinfected by thoroughly 
flaming with a painter^s blow lamp, or by using freshly 
slaked powdered lime, bleaching powder, or milk of lime. 

Disinfection of Privy and Drain. — After disinfection of 
the room the privy and the house-drain should receive atten- 
tion. The platform {i.e. the seat arrangement) and the floor 
of the collecting chamber should be scrubbed and washed 
with some antiseptic lotion, e.g. cyllin or chloride of lime, 
and the privy pan removed and destroyed and replaced by a 
new one. Subsequently the walls should be lime-washed. 
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The privy requires to be disinfected in cases of cholera, 
typhoid and dysentery. The house-drain should also be 
disinfected and thoroughly washed with cyllin or chloride of 
lime solution. 

Disinfection of Excreta and Discharges. — The excreta of 
certain diseases contain specific organisms and if not pro- 
perly disinfected or disposed of will be a source of further 
infection. Thus, the stool and urine of enteric, the sputum 
of phthisis, pueumonia and pneumonic plague, discharges 
from the nose and throat of diphtheria and measles, and the 
vomited matter and stool of cholera patients require to be 
carefully disinfected. Carbolic acid 10 p.c., izal 5 p.c., cyllin 
1 in 100, or chloride of lime may be used with advantage. 
But these require contact for 1 to 3 hours. All discharges 
from the mouth, throat, lungs and nose should be carefully 
disinfected, and infected rags, etc., burnt. Liquid dis- 
infectants are not particularly good for sputum, nasal dis- 
charge, etc. They should be received in gauze swabs and 
then burned in fire. When the sputum is large it should be 
received in flasks containing some disinfectant and then 
burnt. The stool may be disinfected by one of the following 
methods: — (a) by mixing thoroughly a five per cent, solution 
of crude carbolic acid, or a ten per cent, solution of formalin 
with an equal quantity of the excreta and allowing it to 
stand for one or two hours ; (h) by mixing with an equal 
quantity of either freshly prepared milk of lime (1 of lime in 
4 of water) or a three per cent, solution of chlorinated lime, 
and allowing it to stand for two hours. A bucket of boiling 
water added to a stool and kept covered till it cools will 
destroy practically all organisms excepting the spore-bearing 
ones. No infective stool should be allowed to pass into a 
drain unless mixed with a strong disinfectant for at least 
three hours. 

Disinfection of Miscellaneous Articles. — These also require 
disinfection, heeding and cooking utensils should be boiled 
for fifteen minutes. Immersion in a 20 p.c. hot solution of 
washing soda suffices for most infectious diseases except in 
cases of infection by the tubercle bacillus. 

Woodwork should be scrubbed with soft soap and hot 
water, or with perchloride of mercury lotion 1 in 5000, or 
bleaching powder 1 in 1000. 

Table knives and mounted forks, and such other articles 
that are liable to be damaged by high temperature should be 
soaked for two hours in a 1 per cent, solution of formalin. 
Clinical thermometer should be washed and kept in phenol 1 
in 20 solution, or in milk of lime for an hour. 

Hands are best disinfected by scrubbing with a nail brush 
and soap and hot water. They may subsequently be soaked 
in absolute alcohol and finally immersed in a solution of 
lysol, or perchloride of mercury (1 in 500). 
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Books, leather articles and other goods should be taken 
to a small room and then disinfected by formaldehyde gas, 
the room being kept closed for three to four hours. 

Disinfextion of Ships . — Before this is done all bedding, 
linen and personal luggages should be collected and sent for 
disinfection by steam. Leather articles should he treated 
with mercury lotion or formalin spray. After removal of 
passengers the whole ship should be sprayed with formalin 
or steam by hose pipe from a tug. 

Fumigation of holds with SO 2 , or hydrogen cyanide is 
done mainly for the destruction of rats. When SO 2 is used 
it may be either in the form of roll sulphur 3 lb., or 4 lb. of 
liquid SO 2 per 1000 c.ft., or a Clayton disinfector may be 
used. Hydrocyanic acid is becoming more i)opular. In expert 
hands it is comparatively safe and has the advantage over 
SO 2 in having no eftect on metals or damaging articles (see 
page 487). For purposes of fumigation the ship is taken in 
sections and each section is treated separately. 

Before fumigating a ship it should be emptied, moist food 
removed, cupboard doors opened, drawers pulled out and all 
apertures sealed. No ship should be fumigated along side 
another, and danger boards should be prominently displayed. 
There should be no locked doors. The amount of hydro- 
cyanic acid required for empty ships is 2 oz., which is equi- 
valent to 57 grms. of “Zyklon,’’ for every 1000 c.ft. with a 
two hours exposure. 

Plague infected ship should be dealt with loaded, and if 
necessary again after unloading which of course depends 
upon the conditions found during unloading. 

1. Spraying.— This is a very satisfactory method of 
applying a disinfectant to a room. Formalin 8 oz. to the 
gallon of water may be used for every 400 sq. ft. of surface. 
Some glycerin may be added to give the solution viscosity 
and also to delay drying because of its hygroscopic property. 
Liquor cresolis saponatus 1 p.c. or other disinfectant solu- 
tion may also be used. A room disinfected by formalin in 
the evening will be lit for occupation the following morning. 

A disinfecting inspector with two men should go with a 
cart containing gunny bags, a sprayer and disinfectants, and 
engage themselves as follows : — 

1. The bedding, clothes, towels, etc., should be packed 
in the bags in a previously disinfected place, sealed, and 
sent to the disinfecting station for disinfection by steam. 

2. Fill the disinfector, and spray with the disinfectant 
the walls, floors, ceiling, crevices and corners; in fact all 
receptacles for dirt should be thoroughly attended to. Walls 
should be scraped before spraying. Spray the walls from 
below upwards to prevent the solution running down the 
wall and producing discoloration. 

3. Pictures and ornaments should be wiped with clean 
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musUii moistened with a disinfectant solution. They may be 
sprayed and subsequently wiped dry. 

4 ! Boots, leather goods, fur, silk, brushes, etc., are treated 
with formaldehyde vapour or sprayed with perchloride of 
mercury lotion. Books of little value should be burnt or else 
treated with formaldehyde vapour. 

5. Bathroom, spittoons, water-closets, cups and dishes, 
etc., used by the patient should also be disinfected. 

6. Drain should be cleaned thoroughly and treated with 
a 5 per cent, solution of crude carbolic acid, and all damp 
places should be sprinkled over with Calvert’s carbolic acid 
powder. 

7. Disinfectors should repeat the process over again and 
then wash themselves. 

Disinfectors should wear either cotton or waterproof 
(Mackintosh) coat or overalls which should be left in the 
room after the work is finished and removed with other 
articles for steam disinfection. Solutions of mercuric chlo- 
ride 1 in 1000, formalin 1 in 40, carbolic acid, and lysol are 
efficient for spraying. 

The disadvantage of this method is the discomfort ex- 
perienced by the disinfectors in thoroughly Carrying out 
the work. 

2. Fumigation.— This is an important method for disin- 
fecting rooms, holds of ships, granaries, out-houses, railway 
carriages, etc., and has a very wide range of application. 
Formaldehyde, hydrocyanic acid gas and sulphur are chiefly 
used for fumigation. The room should be properly prepared 
by closing the doors and windows and having every joint and 
window crack sealed with paste and paper. It should not be 
opened until after at least six hours. And in all cases 
cultures of test organisms should be exposed in the room as 
controls. 

Fumigation for deratization of ships often fails from lack 
of penetration of the gas into the dead air spaces, e. g. under 
floors or into borrowings in insulation. Thus if rats have 
burrowed into the insulation of cold storage spaces, the 
burrows must be opened up. Bulk materials absorb HCN gas, 
specially when moist, even flat surfaces will absorb con- 
siderable quantities, the amount depending upon the rough- 
ness, porosity, moistness and temperature of the surface. In 
order that the fumigant may be introduced directly into the 
dead air spaces a special apparatus should be used. The most 
successful one is the air jet sprayer in which air under 100 
lb. pressure is bubbled through 18 to 30 lb. of liquid HCN 
in a steel cylinder and thence carried by flexible hose to a 
nozzle controlled by a trigger. The rat harbourages must be 
first located and marked before fumigation is started. 

3. Washing.— This is generally done by means of a 
sprayer with formalin (6 oz. to 1 gallon of water), solution of 
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liquor cresolis sapoaatus (1 p.c.or oz. to 1 gallon), corrosive 
sublimate (1 in 6000), or hypochlorite of lime solution 1 p.c. 

Two other methods of disinfection in connection with 
infectious diseases should be mentioned here. They are 
concurrent disinfection and terminal disinfection. 

Concurrent disinfection implies disinfection of all infected 
materials during the course of an infectious disease. In cases 
of diseases like measles or pneumonia, where the infection is 
conveyed by droplets, or in cases of cholera or typhoid, where 
the infection is carried by the excreta, if the discharges 
are destroyed concurrently and steps are taken to check the 
spread of infection by other measures, no further disinfection 
becomes necessary after the termination of the case either 
by recovery, death or removal to a hospital. 

Terminal disinfection on the other hand signifies the 
steps taken to destroy or purify the infected materials after 
the removal of the patient to a hospital, or termination of 
the case by recovery or death. If, as mentioned above, strict 
disinfection is done concurrently, the necessity for terminal 
disinfection becomes less except to destroy the insects or 
other animal carriers of disease, or some of the personal be- 
longings of the patient like soiled clothing, bedding, mattress, 
books, toys, etc. Indeed terminal disinfection by fumigation 
or other means has been discouraged as a public health 
measure since it has little effect on the control of communic- 
able diseases, and is apt to detract attention from the more 
urgent and more eff'ective disinfection during the active 
course of the disease. It should however be clearly under- 
stood that disinfection is an important preventive measure 
and the destruction of infective discharges during the course 
of an infectious disease is more important than one final 
disinfection of the sick room and its belongings. 

The principal articles which require disinfection are the 
discharges from the body, clothing, bedding, feeding-cups 
and other utensils soiled by the patient. 


CALCUTTA MUNICIPAL ACT, 1923 
Restraint of Infection 

Sec. 435. — Every medical practitioner who, in the course of his 
practice, becomes cognisant of the existence of any dangerous disease* 
in any private or public dwelling-house, other than a public hospital, 
shall give information of the same with the least practicable delay 
to the Health Officer in such form and with such details as the Health 
Officer may from time to time, require. 


♦Dangerous disease means («) cholera, plague, small-pox, cerebro- 
spinal meningitis and diphtheria, and (h) any other epidemic, endemic or 
infectious disease which the local Government may, by notification in the 
Calcutta Gazette, declare to be as dangerous disease for the purpose of 
this Act. 
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Sec. 436. — The Health Officer, or any other municipal officer au- 
thorized hy him in this behalf, may, at any time by day or by night, 
without notice, or after giving such notice of his intention as may, 
in the circumstances, appear to riim to be reasonable, inspect any place 
in which any dangerous disease is reputed or suspected to exist and 
take such measure as he may think lit to prevent the spread of the 
said disease beyond such place. 

Sec. 437.— (1) If it appears to the Health Officer that the water in 
any well, tank or other place is likely, if used for the purpose of 
drinking or for any other domestic purpose, to engender or cause the 
spread of any dangerous disease, he may, by public notice, prohibit 
the removal or use of the said water for such purpose. 

(2) No person shall remove or use for such purpose any water 
in respect of which any such public notice has been issued. 

Sec. 439. — (1) If the Health Officer, or any municipal officer autho- 
rized by him in this behalf, is of opinion that the cleansing or disin- 
fecting of any building, or any part of a building or of any article 
therein which is likely to retain infection, or of any tank, pool or well 
ad,jacent to a building, would tend to prevent or check the spread of 
any dangerous disease, he may cleanse or disinfect such building, 
part, article, tank, pool or Avell, and may, by written notice, require 
the occupier of such building or any part thereof to vacate the same 
for such time as may be prescribed in such notice. 

Sec. 440. — (1) if the Health Officer is of opinion that the destruc- 
tion of any hut or shed is necessary to prevent the spread of any dan- 
gerous disease, he may, after giving to the owner or occupier of such 
hut or shed such previous notice of his intentioil as may in the 
circumstances of the case appear to Ijirn reasonable, take measures 
for having such hut or shed and all the materials thereof destroyed. 

(2) Compensation not exceeding the value of the hut shall bo 
paid by the Corporation to any person who sustains loss by the des- 
truction of any such hut or shed. 

Sec. 441. - No person shall let a building or any part of a building, 
in which bo knows or has reason to know that a person has been 
suffering from a dangerous disease— 

(а) unless the Health Officer has disinfected the same and has 
granted a certificate to that effect, and 

(б) until a date specified in such certiticato as that on which the 
building or part may be occupied without causing risk of infection. 

Sec. 442.— (1) The (Corporation may provide a place or places, 
with all necessary apparatus and establishment, for the disinrcction 
of conveyances, clothing, bedding or other articles which have 
become infected ; and when any articles have been brought to any 
such place for disinfection, ma^ cause them to be disinfected either,— 

(a) free of charge ; or (b) in their discretion, on payment of such 
fees as they may from time to time fix in this behalf. 

(3) The Health Officer, or any person authorized by him in this 
behalf, may disinfect or destroy, or, by written notice, direct the dis- 
infection or destruction of any clothing, bedding or other articles 
likely to retain infection. 

Sec. 443. -(1) No person shall, without previous disinfection of 
the same, give, lend, sell, transmit, or otherwise dispose of any article 
which he knows or has reason to know has been exposed to infection 
from any dangerous disease. 

• Sec. 444.— (1) No person who is suffering from a dangerous 
disease shall enter, or cause or permit himself to be carried in, any 
public conveyance, nor shall any other person knowingly cause or 
permit a person in his charge and suffering from a dangerous disease 
or the dead-body of any person who has died from such disease to be 
carried in a public conveyance without— 

(a) previously notifying to the owner, driver, or person in 
charge oi such conveyance that he is so suffering, and 
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(b) taking proper precautions against spreading such disease. 

Sec. 445.— (1) The owner, driver or jjerson in charge of any public 
conveyance in which any person suffering from a dangerous disease 
or the dead-body of any person who has died from such disease has 
been carried shall immediately take the conveyance for disinfection 
to a place appointed under section 442, sub-section (1). 

(2) I'he person in charge of such place shall forthwith intimate 
to the Health Officer the number of the conveyance and proceed to 
disinfect the conveyance. 

(3) No such conveyance shall be used until the Health Officer has 
granted a certificate stating that it may be used without causing risk 
of infection. 

Sec. 446.— (1) The Corporation may provide and maintain 
suitable conveyances for the free carriage of persons suffering from 
any dangerous disease or of the dead-bodies of persons Avho have 
died from any such disease. 


32 



CHAPTER XXII 

EPIDEMIOLOGY AND PREVENTABLE DISEASES 

Fkom time immemorial every country has been the seat of 
visitation of some epidemic disease, and it is probable that 
no series of natural phenomena, outside death, have affected 
man psychologically more than the devastating effects of 
epidemics of fatal disease. They were said to have been the 
weapons chosen by Jehovah to wear down the hardened 
heart of Pharoah. The Old Testament also mentions of 
occurrence of many '^plagues'^ The plague of 'Mustinian^' 
and the ‘J31ack Death” are amongst the most vivid pictures 
of Europe of the 6th and 11th centuries. Cholera also at 
various times had spread panic amongst the different nations. 
Epidemics of syphilis, pneumonia and influenza have appalled 
generations of men throughout the ages. 

It is probable that the first conception of religion was the 
outcome of these happenings which were thought to be 
mysterious and due to the hand of retribiition, revenge, 
supernatural agencies, devils and demons. This deistic 
conception is still prevalent not only amongst primitive 
peoples but also is not far from the surface in many civilised 
countries. 

Hippocrates in 400 n.o. was probably the first to 
disabuse the human mind of the deistic idea of epidemic 
diseases and to apply reason to the study of the phenomena 
of diseases and epidemics. ‘‘No disease” he said “is sent 
by devils or demons, but is the result of natural causes ; each 
disease has its own and manifest cause”. He conceived a 
relationship between habit, physique, weather and disease 
and an epidemic typo or state called katastasis brought 
about by the occurrence of certain weather conditions. 
Varro about 40 n.c. made a distinct addition to the theory 
by the conception of minute bodies, animalcula quaedem 
mimda, arising from marshes or ponds and entering the body 
by way of the mouth and nose and then causing disease. 
As time passed, the ratio of theoretical explanation to 
objective observation grew, until in the Helanistic age it 
dominated the whole field. In 160 a.d. Galen followed 
Hippocrates in his teaching of atmospheric influence. Funda- 
mentally Galen’s doctrine was logical and self consistent. 
He held that the generation of a herd sickness depended 
upon the interplay of three sets of factors, viz. (1) an atmos- 
pheric factor, the katastasis ; (2) an internal factor, the 
crasis ; and (3) a predisposing or lyrocatarctic factor. Given 
a particular katastasis an epidemic must arise, but whether it 
would be great or small depends upon the condition of those 
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exposed to risk, their innate character (the crasis), and 
their habits of life (the procatarctic factor). 

Many centuries later Sydenham (1660) revived Hippo- 
cratic ideas and coined the phrase ‘^epidemic constitution’' 
to define conditions of the weather and the land, and of the 
population, rendering the latter susceptible to attacks of 
epidemic disease. These constitutions recur at cyclical 
intervals and are different for each disease. Subsequently 
Pasteur and Koch’s discovery of bacteria as the causative 
factor of infectious disease directed attention to micro- 
organisms, and variations in virulence and activity of the 
bacteria apparently offered for the time being an explana- 
tion of the periodicity of epidemic diseases. Finally Manson’s 
discoveries of the transmission of fflariasis by mosquitoes 
brought prominently forward the problem of ^‘the means 
of transmission” and showed that conditions favouring these 
are also to be taken into consideration. On the other hand 
susceptibility and immunity both in animals and men are 
essential factors of the problem and their investigation has 
brought some additional light. 

Gill as a result of observations on the epidemics of 
malaria in the Punjab advanced the ^‘quantum” theory of 
the occurrence of epidemics. According to him four factors 
are necessary to cause an epidemic ; they are (1) the reservoir 
of infection, (2) the parasite factor, (3) immunity factor, and 
(4) transmission factor. The essential condition for the 
causation of an epidemic is a loss of equilibrium between 
infection and immunity resulting from an increase of the 
infectious quantum.” 

The mathematical treatment of epidemics was first ini- 
tiated by Farr who showed a similarity of the epidemic curve 
to the ^‘normal” or ‘‘gaussian” curve of probability. Eoss and 
Brownlee approached the subject from different angles. 
Boss’s work was fundamentally mathematical and deductive, 
Brownlee’s statistical and inductive. From the mathe- 
matical point of view and with regard to its applicability to 
experimental data Boss’s method of approach is more attract- 
ive than that of Brownlee. Stallybrass stresses the three 
factors necessary to cause an epidemic, vis, (1) the man him- 
self; (2) the causal agent, e.g, malaria parasite, tubercle 
bacillus, unknown cause of small-pox, etc., as the case may 
be; and (3) the means of transmission, e.g. water, food, 
insects, etc. Each of these different factors may be affected 
by so many diverse causes and conditions, that to investi- 
gate, sum up and apportion properly the effect of each factor 
form an exceedingly complex study. 

Within recent years much light has been thrown towards 
the elucidations of the conditions underlying the occurrence 
of epidemic diseases by the work of Topley, Greenwood, 
Flexner, Webster, and Neufold and Lang. But it should be 
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clearly understood that the spread of disease and the spread 
of infection, though they may go side by side, are not the 
same thing. Extensive studies have demonstrated that 
though there may be wide-spread infection amongst a popu- 
lation, the evidence of actual disease may be few. It is only 
in the presence of actual disease that the infection becomes 
manifest. Experimental and observational studies by Topley 
and others have demonstrated that in controlled herds of 
mice into which diseased mice are introduced, epidemics 
of evident disease can only be kept up by the introduction 
from time to time of fresh susceptible mice. If no new 
individuals are introduced the evident epidemic dies out. In 
other words the introduction of susceptibles is an important 
factor and that the character of the epidemic is largely 
influenced by the numbers and the rate of immigration and 
susceptibles. This observation is of special significance as 
by such means epidemics can be kept up for an almost in- 
definite period. The efi'ect of adding fresh susceptibles to a 
population which has just adjusted itself in the struggle 
between the infecting agent and the hosts is to provoke a 
fresh outbreak which involves not only the added ones but 
also the original survivors; so that from the point of view of 
the latter this immigration is undesirable. It will therefore 
be evident that by such inter-reaction these epidemics lose 
their self-limiting character and tend toward extermination 
of the infected population. When a disease spreads in an 
epidemic form a series of reactions between the host and the 
parasite occur by the interplay between the microbic viru- 
lence and the resistance of the host. On the other hand 
when an epidemic tends to be self-determined, and comes to 
an end after producing a certain mortality in the population, 
it is evident that those who survived must have been in 
possession of a superior degree of resistance either developed 
during the exposed period or were endowed with it from the 
beginning of the experiment. Topley by examination of the 
various survivors in the herds of mice demonstrated the 
presence of organisms in the spleen although to outward 
appearance they looked healthy. It is evident therefore that 
these survivors were definitely infected but the infection was 
non-effective, and it is possible that the immunity was estab- 
lished at the expense of some sort of symbiosis. Dudley, by 
observing (during epidemics of diphtheria and during non- 
epidemic intervals) the number of actual cases of diphtheria, 
the number of sub-infective cases (temporary carriers) and 
the number of susceptibles and non-susceptibles, also con- 
firmed Topley’s views on the recrudescence of epidemics by 
the introduction of susceptibles. He further assumed that a 
minimum quantum of the infective agent was necessary to pro- 
duce evident disease, and that this quantum might be de- 
livered to the recipient all at once, or by driblets at intervals 
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of time, until the sum of the portions reached the neces- 
sary amount to produce disease. As Dudley states, if Y is 
the amount of infective material delivered per hour and U 
the amount destroyed by the recipient per hour, then 

(1) If Y - U is negative and the velocity of infection low 
(only at long intervals) there may not be sufficient reaction 
to give any acquired immunity. 

(2) If the velocity of infection is slightly more rapid, 
acquired immunity may occur without any infection. 

(3) If more rapid still, acquired immunity is obtained, 
but the organism can establish itself on the host = acquired 
immunity plus the carrier state. 

(4) If still more rapid, disease occurs, but in atypical 
form and often not recognisable as such. 

(5) Still more rapid — typical cases of the disease occur 
with recovery. 

(6) Still more rapid or large initial dose — disease and 
death. 

The reason for the rise and fall of epidemics is still a 
matter of speculation. The infective power of the micro- 
organisms and the susceptibility of the population at risk no 
doubt play important parts, and it is possible that either the 
one or the other or both together may be dominant factors in 
influencing the rise or fall of an epidemic ^is the case may be. 
Besides the loss of infective power there are possibly other 
factors for the decline of epidemics. On the other hand the 
epidemic often helps to develop a certain amount of im- 
munity amongst the population at risk and thus acts as a 
check on the further spread of the infection. This is known as 
‘‘epidemic immunisation.^’ D’Herelle and his co-workers 
believe that at least in- cholera the dissemination of bacterio- 
phage by convalescents is the main if not the only cause 
of the decline of an epidemic of cholera in India. The fol- 
lowing factors also influence epidemic diseases, viz. — 

Soil and Rainfall . — Yarro first associated disease with 
marshes, and we know that malaria occurs in swampy dis- 
tricts where mosquitoes can breed; although the disease can 
occur in dry places provided there are sufficient collections 
of water for the breeding of mosquitoes. Rainfall is usually 
favourable to the occurrence of malaria and Gill in the 
Punjab for several years has successfully predicted the 
malarial incidence in autumn by a study of the rainfall in 
July and August. A moist ground helps the hookworm to 
complete its life cycle. Growth of bush combined with 
slight humid surface attracts the tsetse fly which carries 
sleeping-sickness. Rogers by studying the epidemics of 
cholera in various parts of India during fortyflve years and 
comparing them with the rainfall in the same areas, found 
that forty out of forty -one epidemics were preceded by the 
failure of rains of the previous monsoon or of the winter 
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rains, or frequently of both. Moreover a rise of the absolute 
humidity favoured early recrudescence or spread of epidemic 
cholera. By watching these two factors Kogers was able to 
make forecasts with reasonable certainty several months 
before epidemic outbreaks. 

Season . — Most infectious diseases are seasonal. Thus 
whooping cough, small-pox, measles all occur during the 
first quarter of the year carrying over to the second. Malaria 
generally occurs during the latter months of the rainy season, 
specially in the warm season which comes between the rains 
and the cold weather. Plague is another example of sea- 
sonal disease. It diminishes during the height of the hot 
season due to high temperatures and high saturation de- 
ficiencies. Seasonal prevalences are also observed in cholera. 
In Assam, Bengal and South-East Madras it shows an increase 
during the months of October to December, and decreases 
in January and February. It remains prevalent during the 
humid monsoon period of June to September all over India, 
except flooded Bengal and Assiim, and declines in the 
autumn in North-West and Central India. 

Economic Conditions . — It has been observed that many 
diseases are influenced by the standard of life in communities. 
Tuberculosis is highly common amongst the ]) 00 r who live in 
insanitary, ill- ventilated and badly lighted houses in over- 
crowded localities under conditions which favour tlie spread 
of the disease by droplet infection. Economic conditions 
play an important part in the intensity of malaria. Typhus 
fever, which is spread by lice and ticks is fostered by over- 
crowding and low conditions of living. War in all ages has 
brought disease in its train. 

Human Intercourse and Travel . — When susceptible persons 
are aggregated together, the conditions become favourable 
for the spread of infection. This is true of many diseases, 
e.g. measles, small-pox, malaria, and cholera are all fostered 
by human intercourse. Travel is a factor of considerable 
importance in epidemiology. It has been said that oversea 
traders from Eome brought malaria to Italy to which the 
fall of the Eoman Empire has been attributed. The pan- 
demics of influenza in 1918 and 1928 are an illustration of 
the part played by travel. The paths of infection from one 
country to another coincide closely with the established 
lines of human travel, and the rate of propagation is deter- 
mined by the speed of such travel. Within recent years the 
facilities of air travel have made it possible for persons to 
land in uninfected countries while incubating infections 
contracted in an infected country. There is also the 
possible contingency of accidental carriage of infected mos- 
quitoes to places where such infections are unknown. 

References ;—Topley, Milroy Lectures, The Lancet^ 1926; Dudley, 
The Schick Test, Diphtheria and Scarlet fever, Medical Council Eeport^ 



MALAEIA 


503 


1923; Stewart, Notes on Epidemiology with Special Reference to the 
role of the Bacteriophage in Public Health, Indian Medical Gazette^ 
Aprils 1931 ; Principles of Epidemiology by Stally brass ; Epidemiology^ 
Historical and Experimental, by Major Greenwood ; Epidemiology in 
Relation to Air Travel^ by Arthur Massey. 

Diseases Carried by Insects 
Malaria 

Malaria is a specihc infectious disease caused by a sporo- 
zoon parasite, and carried from man to man by the agency 
of certain species of anopheline mosquitoes. In man the 
parasites attack the red blood corpuscles, and give rise to 
pyrexia exhibiting a characteristic periodicity, accompanied 
by enlargement of the spleen, and folloAved, if inadequately 
treated, by anjcmia and cachexia in varying degree. A 
feature of the disease is its tendency to relapse at intervals 
over a period of months, or even years. 

Geographical Distribution. — Malaria is a wide-spread 
disease throughout the tropics and subtropics, where it is 
more prevalent than in temperate climates. In Europe it 
exists chiefly in the countries bordering on the Mediterra- 
nean and in South Russia. It is widely distributed in tropical 
and subtropical Africa and South and Central America, whilst 
in Asia it occurs with varying degrees of intensity through- 
out Mesopotamia, India, the Malay Peninsula, the Dutch 
East Indies. Indo-China, Southern China, etc. Australia and 
Japan enjoy comparative immunity from this disease. 

The Importance of Malaria.— Osier’s oft-quoted dictum 
that malaria is probably the greatest single destroyer of the 
human race is by no means exaggerated. In India it is 
estimated that this disease is directly resj)onsible for over 
one million deaths per- annum. During the great epidemic 
of 1908 it occasioned over 300,000 deaths in the Punjab 
among a population of approximately 20,000,000. Apart, 
however, from actual mortality a vast amount of ill-health 
is caused by malaria, whilst those debilitated by attacks of 
this disease become easy victims of other infections. In 
addition to the suffering and loss of life entailed, the dis- 
organisation of labour due to malaria makes it an economic 
factor of the highest importance, a fact well recognised by 
commercial Arms, such as those controlling tea and rubber 
plantations and engineering concerns, who suffer grave 
financial embarrassment from disorganisation of work and 
expenditure on medical treatment and preventive measures. 

In certain very malarious parts of the world, Avhole tracts 
of fertile country have been abandoned owing to the ravages 
of malaria, whilst the construction of railways and harbours 
and other industrial projects have frequently been held up 
or gravely interfered with owing to the amount of sickness 
caused by the disease amongst the staff employed. 

The Incidence of Malaria. -—Malaria is a seasonal disease, 
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the time of maximum prevalence in most parts of India being 
the autumn months, from August to November. This 
seasonal rise is more marked in the dry north-western tracts 
of the country, where the conditions favourable for transmis- 
sion are limited to a comparatively short period of the year. 
It is these areas too which are liable to outbreaks of malaria 
in epidemic form, which are especially likely to occur in 
years when there is a heavy rainfall in July and August 
following a year of economic stress. The essential feature 
of this type of malaria is a sudden temporary rise in the 
death-rate. In other parts of the country, such as Assam, 
Bengal and Southern India, where the climate is humid 
and the amount of annual rainfall very high, these epidemics 
do not occur, but there is a varying degree of endemic 
malaria, i.e, the amount of malaria is more or less static 
among the population. In hyper-endemic areas the propor- 
tion of children showing enlargement of the spleen may 
approach 100 per cent. Such areas exist particularly in 
submontane tracts, such as the Nepal Terai, Bengal Duars 
and the Jeypore Hill Tracts of Madras. The occurrence of 
black water fever among susceptible immigrants is an indica- 
tion of a very high degree of malarial endemicity. 

Most of the malaria-carrying mosquitoes breed in streams, 
pools by the side of streams, seepages from hillsides, small 
irrigation channels, etc., and it is probably the presence of 
numerous mountain streams producing large numbers of 
these species which accounts for the high incidence of 
malaria in submontane regions referred to above. 

The mere presence of swampy or flooded areas does not 
necessarily make for a high incidence of malaria as is popu- 
larly supposed ; indeed, in many such regions malaria is 
practically non-existent, as for example, the Howrah District 
in the extreme south of Bengal, and the northern part of 
the Island of Bombay. 

Malaria is chiefly a rural disease, the reason being that 
very few of the malaria-carrying species of anophelines are 
able to adapt themselves to urban conditions. There are, 
however, certain exceptions to this rule, notably the case of 
A. hiftircahis in Palestine and A. stejyhensi in India. As has 
been noted elsewhere (see page 412), A. stejjhensi will breed 
freely in wells, cisterns, fountains and garden tanks, and 
even in disused tins or earthenware vessels containing water. 
This species is notorious as being the insect transmitter of 
malaria in Bombay and other cities. 

• Immunity in Malaria.— Beyond the fact that as is the 
case with other diseases certain individuals are more sus- 
ceptible than others to infection, there is no such thing as 
a natural immunity to malaria. Immunity when present is 
almost invariably a partial immunity, acquired as the result 
of repeated infections and re-infections occurring over a 
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long period. Infection with one species of malaria parasite 
confers no immunity in respect of any other species. Fur- 
thermore, researches on induced malaria for the treatment 
of nervous diseases and on malaria in monkeys have showm 
that there are many different strains of the various species 
of malaria parasites, though they are morphologically in- 
distinguishable. An individual who has been infected with 
one strain of parasite will acquire an immunity to that parti- 
cular strain, but not to other strains of the same parasite, 
except to a very limited extent. Presumably in a malarious 
locality, the inhabitants in childhood gradually acquire their 
partial immunity becoming infected successively with all 
the various local strains. The researches of Schuffher and 
of Christophers have shown that in a very malarious locality 
children for the first two years of their lives are in a con- 
dition of ‘‘acute infestation,’^ almost all of them suffering 
from fever and showing large numbers of parasites in their 
blood. This is succeeded by a period of “immune infesta- 
tion,” in which parasites though still present are in greatly 
reduced numbers, and attacks of fever occur at longer inter- 
vals, though the precentage showing enlargement of the 
spleen is very high. In adult life the parasites, though still 
present in many cases, are very scanty, the number of per- 
sons with enlarged spleens is greatly reduced, and the people 
are comparatively free from clinical symptoms of the disease. 
There is thus a definite acquired immunity in malaria, com- 
parable to the “salting” of animals in trypanosomiasis and 
piroplasmosis. 

The Parasites of Malaria— The causal organisms of 
malaria are members of the genus Plasmodium, which be- 
longs to a class of the protozoa known as sporozoa. Four 
species are generally recognized as being concerned in the 
production of human malaria, viz, Plasmodium vivax, the 
parasite of benign tertian malaria ; Plasmodium falciparum, 
the parasite of malignant or subtertian malaria ; Plasmo- 
dium malarice, the parasite of quartan malaria ; and Plasmo- 
dium ovale, a parasite which produces a mild form of tertian 
malaria. The last named is found in Africa, and has not 
yet been recorded in India. 

The life-history of the four parasites is in each case 
essentially the same. They undergo two cycles of develop- 
ment, an asexual cycle in man (schizogony) and a sexual 
cycle in the mosquito (sporogony). The mosquito is thus the 
definitive and man the intermediate host. 

The young parasite, as found in the red corpuscles of the 
human blood, is known as a trophozoite, and when stained 
and examined under a microscope appears in its earliest 
stage as a small ring of protoplasm with a dot of chromatin, 
occupying only a small portion of the cell. The parasite 
increases in size, pigment appears, and after a time the 
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chromatin begins to divide, when it is known as a schizont. 
The schizont when mature, at which stage it appears to 
occupy the whole or greater part of the cell, splits up into 
a number of small bodies called merozoites. These are liber- 
ated by the rupture of the infected cell, and attach them- 
selves to other red corpuscles. The process is then repeated, 
and constitutes the asexual cycle, or schizogony^ 

Sooner or later some of the young trophozoites, instead 
of becoming schizonts, grow into male and female forms 



Fig. 149.— The Mosquito CYclk. 

AS. H. Cycle occurs in the patient’s blood ; The portion below the 
dotted line shows the sexual cycle in the body of the anopheles. 
♦Vll, garnetocytes ; VIILX, gametes ; XI, male microgamete enter- 
ing female gamete (macrogamete); XII, zygote or ookinet ; XIII, 
travelling vermicule ; XlV-XV"il, oocyst ; XVllJ, rupture of oocyst 
with liberation of sporozoites, sj>. 

• Some authors consider that the malarial jmrasite never actually 
penetrates the red cell, being situated throughout on its outer surface. 
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called gametocytes. These are incapable of further develop- 
ment unless they are taken up by the bite of a female ano- 
pheline mosquito. In the stomach of the mosquito the male 
and female forms escape from the red blood corpuscles, 
and are now known as gametes. The male gamete extrudes 
minute filaments { micro gametes) one of which enters a female 
gamete to form a body known as an ookinet or zygote. This 
assumes an ovoid form (the trailing vermicul^ and pene- 
trates the wall of the mosquito’s stomach, coming to rest 
between the epithelial and muscular layers. Here a cyst is 
formed around it, and it is known as an oocyst. This in- 
creases in size, and in it are formed a vast number of tiny 
bodies called sporozoites. The cyst ruptures, and these are 
liberated into the body cavity of the insect, and a number 
of them make their way to the salivary glands. When the 
mosquito again takes a blood meal she injects salivary fluid 
as she sucks up blood, and thus the sporozoites are introduced 
into the circulation. They attach themselves to red corpuscles 
and ultimately enter them, becoming trophozoites identical 
with tliose described in the account of the asexual cycle. 

In the case of malignant malaria schizogony takes place 
in the internal organs, and except in very grave cases it is 
extremely rare to find parasites other than ring forms or 
gametocy tes in the peripheral blood. The gametocytes in this 
type of malaria are crescentic in shape, a form not found in 
either benign tertian or quartan infections. 

The asexual cycle in all forms of tertian malaria is com- 
pleted in 48 hours, and in quartan in 72 liours. The sexual 
cycle in the mosquito occupies under favourable conditions 
about 12-21 days, but development is greatly delayed at low 
temperatures. It is possible for an anopheline female to 
remain infective for several months, at any rate, under 
laboratory conditions. 

In all forms of malaria the fever is as a rule quotidian at 
the beginning of a primary attack, but in the tertian forms 
it later occurs on alternate days, whilst in quartan it occurs 
every fourth day, i.e. two days intervene between each bout 
of i^yrexia. Benign tertian, and quartan malaria, though not 
dangerous to life, are the most persistent forms, and relapses 
are very common. Malignant tertian malaria is much more 
amenable to treatment, but as its name implies it may occur 
in very grave and even fatal forms. The fever produced by 
Flasmodiuni ovale is both mild and easily amenable to treat- 
ment. All forms of malaria if untreated result in chronic 
enlargement of the spleen, antemia and general cachexia. » 

Etiology. — From the above account of the life-history of 
the malaria parasite it will be readily understood that there 
are many factors concerned in the spread of the disease. 
The most important of these are briefly discussed below. 

(i) The Source of Infection. — For the transmission of the 
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disease the presence of individuals with a sufficient number 
of gametocytes in their peripheral blood is necessary. In a 
malarious community it is the children who constitute the 
chief reservoir of infection. 

{ii) The Anopheline Factor. — Only certain species of ano- 
phelines are capable, under natural conditions, of acting as 
efficient transmitters of the disease. It is necessary, there- 
fore, for at least one of these species to be present in suffi- 
cient numbers, and for there to be breeding places in the 
neighbourhood suitable for the particular species. 

(m) Climatic Conditions. — It has been shown that certain 
meteorological conditions are necessary for the transmission 
of malaria, the most important of these being temperature 
and humidity. The malaria parasite ceases to undergo deve- 
lopment in the midgut of the mosquito when the mean 
temperature remains permanently below C. ( 6 O. 80 F.), the 
optimum conditions for the transmission of the disease being 
approximately represented by a mean temperature of 20® to 
30® C. (68® to 86® F.) in association with a mean relative 
humidity (8 a.m. reading) of 63 per cent, or more. Atmos- 
pheric humidity exerts a most important influence on the 
incidence of malaria, though it has no direct effect upon the 
parasite in the mosquito. We have already seen that when 
the relative humidity is high mosquitoes are more active, and 
feed more voraciously. A high relative humidity also length- 
ens the life of the mosquito, thus enabling it to live long 
enough for the complete development of the malaria parasite 
within it, whilst by checking the rapid radiation of heat from 
the surface of the earth it tends to maintain an equable 
temperature favourable to the uninterrupted development of 
the plasmodium in its insect-host (Gill). The association of 
malaria with rainfall is probably due more to the concomitant 
rise in relative humidity than to the fact that more breeding 
places are provided for mosquitoes. 

From the above considerations it will be readily under- 
stood why in certain regions the period of the year during 
which transmission of malaria is possible is much longer 
than in others ; and why the disease is especially prevalent 
at certain seasons of the year. 

(iv) The Presence of Susceptible Individuals. — It is a 
well-known phenomenon in the tropics that the introduction 
of susceptible persons, such as a body of labourers or troops, 
into a malarious community almost invariably results in an 
outbreak of malaria. This is probably due to the infection 
o^ the new-comers by a strain of malaria parasite to which 
they have no immunity. Not only are the new-comers 
attacked, but the disease appears to acquire an enhanced 
virulence among the local inhabitants. This is sometimes 
known as '‘the factor of non-immune immigration.’’ 

(v) Economic Conditions. — Insufficient food, overcrowding 
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and exposure to privations generally have an important 
bearing on the incidence of malaria. It was shown by Chris- 
tophers in the case of the Punjab that on several occasions a 
year of famine (if succeeded by a year of excessive rainfall) 
has been followed by a severe epidemic of malaria. 

(vi) Malaria and Irrigation . — The introduction of irrigation 
affects the incidence of malaria in various ways. By improv- 
ing the economic condition of the people it tends to exercise 
a beneticial effect. The question of the bearing of irrigation 
on malarial incidence is, liowever, a complicated one, and its 
effects vary with the type of irrigation employed, and with 
the climatic and physiographical characters of the country. 
In the Punjab, where perennial irrigation is largely employed, 
it has been shown that leakage from canals or inadequate 
drainage of the region irrigated may result in water-logging 
of the soil and an increase in malaria. Even in the absence 
of water-logging it has repeatedly been proved that where 
the subsoil water level has been raised by irrigation the 
incidence of malaria has increased. Hence the importance 
of adequate systems of drainage in connection with irrigation 
projects {see page 142). Dangerous anopheline mosquitoes 
frequently breed in the small irrigation channels which carry 
the water to the fields. 

In Lower Bengal, where inundation irrigation is the rule 
it has been shown that those areas Avhich are regularly flooded 
by this method arc least malarious, whilst those protected 
from flooding by embankments suffer most. Bentley holds 
that the adoption of a comprehensive scheme of irrigation 
from the main rivers will be an efficient method of controlling 
the incidence of malaria in this part of India. 

{vii) Malaria and. Rice Cultivation . — The effect of rice 
cultivation on the incidence of malaria varies markedly in 
different localities. Submontane tracts, where rice is grown 
in terraces, are usually intensely malarious. In those parts 
of Bengal where the whole countryside is flooded during the 
monsoon, and the rice fields are covered Avith several feet of 
water, malaria is very slight, but in districts where they are 
only covered by a few inches of water in the rainy season the 
disease is usually extremely prevalent. 

In Sind the rice-growing tracts which are heavily irri- 
gated are highly malarious. Here it is customary to drain off 
the water in which the rice is growing at frequent intervals, 
in order to get rid of the salts with which it becomes impreg- 
nated from the soil into any low-lying ground that may be at 
hand. This is known as the “Pancho^^ system. The breeding 
of dangerous anopheline mosquitoes does not occur in the 
rice-fields, themselves, nor in the water first drained off from 
the rice-fields, but profuse breeding occurs in the water 
subsequently drained off‘, which contains a lower percentage 
of salts. 
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In the Central Provinces, on the other hand, vast areas 
under rice cultivation are practically free from malaria. Bice 
cultivation in this province is only harmful when accompanied 
by irrigation in the neighbourhood of jungle. The malaria- 
carrying aiiophelines do not breed in the rice-lields, but in 
the irrigation channels, streams, x)Ools, in the beds of 
nullahs, etc. 

Thus it will be clear that it is not the fact that rice 
is being cultivated that determines the incidence of malaria, 
but the character of the surrounding country, and the 
different methods of cultivating the cro]). 

(viii) Man-made Malaria. — It has already been noted 
that man may increase the incidence of malaria by the intro- 
duction of irrigation without i)roper attention to drainage. 
The natural drainage of the country is also frequently inter- 
fered with by the construction of railway embankments and 
roads without siifUcient culverts. Sources of mosquito breed- 
ing are provided by man in the shape of borrow-pits in 
connection with railways and roads (see page 141), impro- 
perly constructed street gutters, non-mosquito proof wells 
and cisterns, fountains, garden tanks, leaky hydrants, water- 
troughs, lire buckets, etc. 

Malaria Surveys.— Before attempting to put into practice 
measures for the jirevention or control of malaria, a prelimin- 
ary survey is essential. The object of this is first to ascer- 
tain the amount of malaria existing, secondly to investigate 
the factors concerned in the causation of the disease in the 
particular locality in question, and finally to devise j^rac- 
tical measures for its amelioration, having due regard to the 
financial issues involved. Without a properly conducted 
survey an immense amount of money may be wasted, as for 
instance, on measures directed towards the abolition of 
collections of water or swamps which may be harbouring an 
entirely harmless species of anopheline, whilst the less 
obvious breeding places of dangerous carrier species may 
have been overlooked. 

(i) The Measurement of Malaria. — This is best done by 
an examination of as many children as possible under ten 
years of age who have been born and brought up in the 
locality for enlargement of the spleen and for parasites in 
the blood. The percentage of children showing enlargement 
of the spleen is known as the splenic index, and the percent- 
age showing parasites in the blood as the parasite index, or 
endemic index. The size of the spleen may be measured 
in» terms of finger-breadths below the costal margin, but 
more accurate information may be obtained by Christophers’ 
method of triangulating the exact position of the apex of the 
spleen by measurements in centimetres from the umbilicus 
and middle line of the body, and entering the results on a 
special abdominal chart. Similarly the number of parasites 
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per cubic millimetre of blood may be estimated by Sinton^s 
fowl-cell method. Both of these methods are capable of 
application in the field, and the slightly longer expenditure 
of time involved is amply repaid by the greater exactitude 
of the results obtained. 

Further information as to the incidence of malaria may be 
gathered from a study of the mortality figures for the district 
and from the examination of dispensary and hospital records 
and the statistics relating to jails or troops stationed in the 
area. By these means the seasonal prevalence of malaria, 
the actual morbidity and mortality and any evidence of 
epidemic prevalence may be ascertained. 

(ii) Invcstiffation of the Factors Concerned. — This includes 
the incrimination of the species of anopheline concerned in 
transmission by dissection. The important point here is to 
determine the percentage which show sporozoites in the 
salivary glands, and are thus capable of allowing the com- 
plete development of the parasite. This is known as the 
sporozoite index. Even though no infected specimens may 
be discovered at the time of the survey, the presence of 
proved carrier species of anophelincs in a malarious neigh- 
bourhood will afford strong presumptive evidence as to the 
vectors concerned in transmission. The next point is to 
make an intensive study of the breeding places and bionomics 
of the suspected carriers. Other points to be investigated 
are the physiographical features of the country, the meteoro- 
logical conditions, presence or absence of irrigation, type 
of cultivation, the economic condition of the people, the 
presence of susceplible immigrants, etc. 

{Hi) The Formulation of Preventive Measures. — These will 
of course depend on the conditions which have been revealed 
by the results of the survey, and will be very largely deter- 
mined by the financial resources available. It is obviously 
absurd to recommend measures which the authorities con- 
cerned cannot carry out through lack of funds, and it is of 
great value to produce a balance-sheet showing on the one 
side the estimated sum lost annually from malaria by inter- 
ference with labour, loss of wages and expenditure of 
treatment of the sick, and on the other the amount which it 
is proposed to spend on preventive measure. Business firms, 
such as those controlling tea or rubber estates or engineer- 
ing works, are quick to see the force of such an argument, 
but it must be admitted that it is often difficult to persuade 
other local authorities to spend money on antimalarial mea- 
sures, even when it is pointed out that such expenditure will 
be a sound financial investment. 

Methods of Prevention and Control. —From what has 
been said regarding the etiology of malaria it is obvious that 
if any of the following conditions could be fulfilled the 
disease would cease to exist 
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(i) The extermination of those species of anopheline 
mosquitoes which transmit malaria in nature. 

(ii) The complete protection of the population against 
the bites of such mosquitoes. 

{Hi) The destruction of the malaria parasites in the 
blood of all infected i)ersons, so that no more gametocytes 
could be produced. 

Bearing these considerations in mind it is convenient to 
discuss preventive methods under the following headings: — 

A. Protection against the bites of mosquitoes. 

B. Destruction of adult mosquitoes. 

C. Destruction of mosquito larvae. 

D. The use of drugs. 

E. Improvement of economic conditions. 

A, Protection against the Bites of Mosquitoes 

(?‘) A mosquito net should invariably be used in any 
locality where malaria exists, whatever other precautions 
may bo adopted. The netting used for British troops in 
India is woven of 30/s cotton and is of 25/26 hole mesh. The 
best pattern is the rectangular net, with no opening in it for 
the purpose of entering, and would be hung inside the poles 
and tucked continuously all round under the mattress. 

(ii) Mosquito hoots are very useful to protect the ankles 
in the evening. They may be made either of soft leather or 
of canvas. Wellington boots may also be used for this 
purpose. 

(Hi) Veils and Gloves are sometimes used to protect men 
on guard at night. 

(iv) Bepellents or Culicifuges. — The common drawback 
of all these is that after a certain length of time their effect 
wears off ; but they have their value when men have to be 
out at night for limited periods in malarious situations, or on 
railway journeys. Many different preparations have been 
used for this x)urpose, one of the most useful being a pomade 
of the following composition, vH, oil of citronella ^ oz., 
spirit of camphor ^ oz., cedar wood oil | oz., white petroleum 
jelly 2 oz. 

Screening of Buildings. — The value of this method 
of protection is generally recognized in America, Italy and 
the Federated Malay States, and of recent years it has been 
used in some of the barracks of British troops in India with 
excellent results. It is essential that the building to be 
screened should be well-constructed and in good repair, that 
every aperture in it should be screened, and that doors 
should fit well and not sag on their hinges. Double doors, 
with a porch of vestibule at least six feet in length between 
them, are a great advantage, and all doors should be made 
to open outwards, to prevent mosquitoes resting on the outer 
surface of the gauze from entering the building. The gauze 
used in the barracks of British troops in India is of 14 mesh 
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and 28-30 S.W.Gr. giving an aperture of 0.055 to 0.057 inch. 
This is sufficient to exclude A. culicifacies and probably all 
other malaria carrying mosquitoes. 



Fig. 150.— Screened Verandah at tue Experimental Field 
Station op the Malaria Survey op India, Ivarnal, Punjab. 


The material used may be of galvanized iron, which is 
cheapest, but this cannot be employed if the building is near 
the sea, and is also unsuitable if the atmosphere is constant- 
ly very humid. Brass, copper or phosphor bronze last much 
longer but are considerably more expensive. MacArthur 
recommends the use of ‘‘monel metal” which is a natural 
alloy containing nickel 57 per cent., copper 28 per cent., and 
other metal 5 per cent. Good results have recently been 
claimed for a gauze screen made of aluminium. The essen- 
tial point about screening is the thoroughness with which it 
is done, and frequent inspection is necessary, especially 
where there is extreme variation in humidity between the 
wet and dry seasons, leading to the development of defects in 
the wooden framework. 

B. Destruction of Adult Mosquitoes 
(i) By Hand . — In view of the fact that recently fed and 
therefore possibly infective mosquitoes may be killed in this* 
way, this is a method of considerable importance. Swatters^ 
consisting of a piece of wire gauze tixed to a wooden handle 
are effective, and children may be taught to use them. 

( H) Traps . — There are many forms of these, perhaps the 
most useful being in the form of a simple box or wire frame, 
33 
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some two to three feet square, lined with black or dark blue 
material. One side of the box is left open at night and closed 
in the morning. A considerable number of mosquitoes may 
be caught in this way. 

(iii) Fmnigation. — Various fumigants have been em- 
ployed, the most generally effective being sulphur (1 lb. to 
1,000 cubic feet), and cresol vapour (4 to 5 ounces of cresol 
solution per 1,000 cubic feet). Before fumigation is carried 
out, all chinks in the doors and windows must lirst be closed 
by pasting paper over them. If there are glass windows in 
the building, it is a good plan to leave one of these uncovered, 
and to place a white sheet on the floor beneath it. Mos- 
quitoes will fly towards the light in their endeavour to escape, 
and will fall on to the sheet, when they can be swept up and 
burnt. This will obviate the danger of any of the insects 
recovering from the fumes. 

{iv) Sj^rays. — There are a considerable number of pro- 
prietary sprays on the market, most of them containing a 
proportion of kerosene oil. An eft*ective spray which can be 
made for one quarter the cost of most of the proprietary 
sprays can be made as follows : — Powdered pyrethrum GO 
gm., chloroform 120 c.c. The mixture is well shaken in a 
bottle for two hours, then Altered. The resulting flltrate is 
made up to one litre with kerosene. 

(v) Cutting down of Jungle and other Vegetation. — Some 
species of aiiophelines spend the day-time hidden among 
long grass or in bushes and other coarse vegetation and the 
clearing away of these in the vicinity of dwellings is there- 
fore of value in the campaign against adult mosquitoes. 

C. Destruction of Mosquito Larvae 

The methods adopted will depend on the particular 
conditions obtaining in the locality, on the species of anophe- 
line which has been incriminated as the carrier, and on the 
amount of funds available. Other things being equal, perma- 
nent measures, i.e. comx)lete eradication of breeding places 
should be carried out wherever possible, temporary measures 
such as the application of larvicides or oil only being justi- 
Aed either when the cause itself is temporary, or the cost of 
permanent measures prohibitive. 

(/) Clearing of Jungle. — This promotes evaporation and 
therefore the drying up of collections of water, whilst it also 
may disclose breeding places which would otherwise be 
overlooked. It must be borne in mind, however, that certain 
dangerous malaria carriers (e.g. A. maculatus) j)refer breed- 
ing places exposed to sunlight, so that indiscriminate re- 
moval of jungle in ai^as where such species exist may have 
disastrous results. In Assam, where A. minimus, a species 
which j^refers sun-lit breeding places, is the principal malaria 
carrier, the growing of shade-giving plants over streams, 
drains and swamps, has been practised in certain tea estates 
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with beneficial results. This method can only be employed, 
however, in localities where the population is under strict 
control, for the least break in the shade is fatal to success. 

(ii) Drainage. — This large and important subject can- 
not be treated fully here. Some of the chief j^oints are 
briefly mentioned below. 

(a) Open Drains may be employed to deal with dangerous 
swamps, seepages, etc. They should be narrow and deep 
rather than broad and shallow ; their banks kept free from 
vegetation and sloped to an angle of 45 degrees ; tributaries 
should enter them at an acute angle, not at right angles ; 
the bottom of the drain should be rounded and not V-shaped. 
It is an advantage to construct drains with a central deeper 
channel or cunette to take the water along quickly when its 
level is low. Contour drains on hill sloi)es are useful in 
dealing with seepage water, but it is usually necessary to 
treat these systematically with larvicides. 

(h) Siihsoil Drains. — The drain in this case is formed by 
a series of the pipes laid end to end, the water entering at 
the joints between the pipes. These are usually from (> to 
12 inches in diameter, of circular bore, and laid in a trench 
several feet below the surface of the ground. The trench 
is then filled in with stones to a height of a few inches above 
the original ground surface. This type of drainage has been 
found most elfective in dealing with hill streams and seepage 
outcrops, but its cost is high. In the case of plantations a 
disadvantage is that all trees have to be removed for a con- 
siderable distance from the drains, otherwise the latter 
become choked with roots. This Avaste ground, together 
with the heavy cost of upkeep, has resulted in the owners of 
many estates in Malaya abandoning subsoil draining, and 
reverting to open drains and oiling. 

(c) Drainage and Irrigation. — It is essential that any 
irrigation project should include an adequate scheme of 
drainage ; otherwise the result will be water-logging of the 
soil and an inevitable increase of malaria. This is a subject 
which can only be dealt with by the irrigation engineers, but 
it is the duty of the malariologist to point out its importance 
from the point of view of public health. 

The prohibition of canal irrigation in the immediate vici- 
nity of towns «and villages has in certain instances resulted 
in a great diminution of malaria in India. This is due partly 
to the prevention of anopheline breeding in irrigation chan- 
nels, and partly to the lowering of the subsoil water and 
consequent reduction in relative humidity. 

(d) Th e Training of Streams. — Some of the most dangerous 
anophelines breed in the. grassy margins of streams or in 
pools in connection with streams. Much good can be done 
by straightening out the bed of the stream, draining pools 
into it, and clearing away the vegetation along the edges. 
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(iii) Larvicides . — The number of substances which have 
been employed to destroy mosquito larvui is very large 
indeed, and only the most important ones can be considered 
here. These are (a) oil, and (6) Paris green. 

(а) Oil , — The most generally successful form is a mixture 
of crude oil with kerosene in varying proportions, depending 
on local conditions. Thus, if vegetation is present a thinner 
oil is required, whilst if the temperature is very high a 
thicker form must be used. In very hot climates crude oil 
may be used alone, or with the addition of a small percent- 
age of a vegetable oil, such as castor oil, which greatly 
increases the spreading power. A little cresol added in- 
creases the persistence of the lilm. 

Oil may be applied by spraying it on the surface of the 
water, or by soaking gunny bags, lumps of tow or cotton 
waste in it and throwing them into the water. It has the 
advantage of killing both anopheline and culicine larvm, and 
it is easy to see where it has been applied ; but it spoils 
water for domestic purposes, kills fish, and is likely to be 
stolen by unscrupulous employees. Moreover, vegetation 
has first to be removed to render it fully effective. 

(б) Paris green^ or copper aceto-arsenite, comes nearer to 
fulfilling the requirements necessary for a perfect larvicide 
than any other chemical at present available. It is highly 
toxic to anopheline larvte, does not kill fish or spoil water 
for domestic purposes, is effective even in the presence of 
dense vegetation and is useless for any other purpose, and 
hence not likely to be stolen. In addition it is much more 
quickly applied and considerably less expensive than oil. 
On the other hand it has the disadvantage that it has no 
effect on the eggs or pupse of mosquitoes, and that it does 
not destroy culicine larvm which are not surface feeders ; also, 
its use requires supervision by some responsible person. 

Paris green should be of a deep green colour, should con- 
tain at least 50 per cent, arsenious oxide, its solubility in 
water should not exceed 3 per cent., and it should be capable 
of being passed through 200, or better 300 mesh, bolting 
cloth. In addition, each batch should pass a practical field 
test before being accepted. 

Various diluents have been used with it, road dust, slaked 
lime, soapstone, china clay, sawdust, ‘‘red earth,’' french 
chalk, spoilt flour, etc. For use in small streams, drains and 
irrigation channels a dilution of 1 in 100 is sufficient, but 
.when it is desired to blow a cloud of dust over large areas of 
swamp or sheets of water it is better to use it in a strength 
of 5 per cent. In the latter case a light diluent such as 
slaked lime or powdered soapstone is usually the best. Koad 
dust varies in composition in every locality, and if there is 
a large proportion of sand in it then it cannot be used effect- 
ively for dusting large areas. 
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Whatever diluent is used, mixing must be thorough, and 
for this a specially made apparatus is required. It is usually 
necessary also to pass the diluent through a sieve of 50 
mesh wire gauze before mixing. The mixture may be applied 
by hand, or by various forms of blower, the most elective 
being the rotary type, which is now obtainable from many 
firms in India and elsewhere. 

In America and in some places in Italy large swamps 
have been treated by distributing Paris green from aero- 
planes with excellent results. 

{iv) Larvicidal Fish . — The use of larva-eating fish as a 
means of malaria control has been practised in Bombay for 
the last 30 years. There are several species of fish in India 
which prey on mosquito larvm, notably those belonging to 
the genera HaplochiJns, AnahaSy Barhus, Tricho(faster and 
Badis. Anahas scandens (Koi or Khajura) and IlaplocMlus 
lineatus (Piku) are the two species used in Bombay. Gam- 
husia, or top-minnows, which have a great reputation as 
larvicidal fish in America and in Southern Europe have 
recently been introduced into India. They have been suc- 
cessfully acclimatised in many places, and on account of 
their small size, raf)id proliferation, and adaptibility to ex- 
tremes of climate, they are probably more suitable for 
larvicidal purposes than any other species. 

There are certain disadvantages in the use of fish in 
malaria control, the chief of these being as follows : — 

(a) Fish are only of value when present in sufficient 
numbers. 

(h) They are only completely effective in the absence of 
vegetation and floating debris. 

(c) Over-zealous persons are apt to introduce larger 
species of fish which prey on them. 

(d) Unless sufficient food is present they eat their own 
progeny, so that wells, etc., have to be re-stocked period- 
ically. 

(e) Their use necessitates the employment of special 
staff to look after the fish and to keep the breeding places 
free from weeds and debris. 

(f) Small boys can be relied upon to catch them if they 
get the opportunity. 

For those reasons the use of larvicidal fish in India is 
rarely to be recommended except when for some reason it is 
found impossible to employ any other method of malaria 
control. 

D. The use of Drugs 

The value of the cinchona alkaloids, particularly quinine, 
in the treatment of malaria, has been known for many years. 
Quinine may be used either for prophylaxis, i.e. for the 
prevention of infection, or for treatment. As regards pre- 
vention of infection, there is no evidence that the use of this 
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drug is of any effect. But the term “prophylaxis’’ in relation 
to malaria is frequently employed to mean the prevention of 
clinical symptoms following infection, and for this purpose 
it undoubtedly has its uses. Quinine prophylaxis in this 
sense has proved of great benefit in the case of prisoners in 
jails and when given to troops serving in malarious coun- 
tries, and it has been found that the systematic qiiininisa- 
tion of school children greatly reduces the spleen rate. In 
the case of a threatened epidemic of malaria the prophy- 
lactic use of quinine will save many lives, whilst in any 
malarious community it will have good effect by reducing 
the number of human carriers of benign tertian malaria, 
though it has no effect on the gametocytes of malignant 
tertian (crescents). It is particularly necessary that the 
quinine should be administered to the children, who, as we 
have seen, form the principal reservoir of the disease. 

The most effective dose to be given for prophylactic 
purposes is probably 10 grains daily, but it is seldom possible 
to do this and it is more usual to give 10-15 grains twice 
weekly. The drug is best administered in solution, but it 
is frequently impossible to give it in this way on a large 
scale. If tablets are used, the best form ofthesalt is the 
bihydrochloride. The tablets should be freshly made, and 
their solubility tested before use. 

It will be readily understood how difficult it is to induce 
an uneducated village population to undergo this treatment. 
It is usually vigorously opposed by the local “quacks,” who 
not infrequently spread a rumour that the Government offi- 
cials are trying to wipe out the population by poisoning 
them. But at least every effort should be made to make a 
sufficient supply of the drug available at as low a cost as 
possible, in places where malaria is rife. 

Recently various synthetic drugs have been introduced, 
the best known being Plasmoquin (or Plasmochin) and 
Atebrin. Plasmoquin has a specific action on the gametocytes 
(crescents) of the malignant tertian parasite, and in India 
it has been used along with quinine to reduce the relapse 
rate in benign tertian malaria. Unfortunately, in some cases 
dangerous toxic symptoms are produced, so that it can only 
be used with safety if the patient is under strict observa- 
tion. Atebrin has no effect on crescents, but has a marked 
action on the asexual forms of all malaria parasites. Up to 
the present time it cannot be said that any of the synthetic 
drugs is likely to replace quinine. They may be looked upon 
as useful adjuvants to (piinine in the campaign against 
malaria. It is to be hoped that future research may produce 
a drug which is less toxic, more rapid in its action, and very 
much cheaper in price. Such a drug would provide a 
powerful weapon not only for treatment, but also for the 
prevention of malaria. 
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E. Improvement of Economic Conditions 

It has been shown above how famine, poverty and over- 
crowding are important predisposing causes of malaria. 
Conversely, any measures which bring about an improvement' 
in economic conditions will aid in the prevention of malaria 
and other diseases. On these considerations is based the 
policy of agricultural improvement in Italy known as honi- 
ficazione. James considers that the disappearance of malaria 
in England is mainly due to the improvement in the economic 
condition of the people, combined with advances in general 
sanitation and medical treatment, and points out that the 
disease has disappeared in spite of the fact that A, mactili^ 
peMHis, an eflicient malaria carrier, continues to exist there 
in large numbers. In India the principal measure of this 
kind consists of carefully planned irrigation projects, accom- 
panied by adequate schemes of drainage, ami regulations 
prohibiting the cultivation of wet crops in the immediate 
vicinity of towns and villages, and the proper care of irriga- 
tion channels. 

Recommendations regarding the control of malaria in 
villages will be found under the heading “Village Sanitation.’^ 

Malaria Forecasts.— Lieut.-Col. C. A. Gill, i.m.s.. has made 
an important advance by the introduction in the Punjab of 
malaria forecasts, based, on a consideration of the meteoro- 
logical and economic factors affecting the spread of the dis- 
ease together with the evidence regarding the amount of com- 
munal immunity in different localities derived from the spleen 
rate. For several years these forecasts have been prepared, 
and have turned out to be remarkably accurate. Given such 
an accurate forecast, it is possible to mobilise personnel in 
the danger areas in advance, and to undertake preventive 
measures before the commencement of an outbreak of malaria. 

Kala-azau 

Manson describes kala-azar as an infective disease 
characterised by chronicity, irregular fever, enlargement 
of the spleen and often of the liver, the presence of the 
“Leishman body” in these and other organs, emaciation, 
anjemia, frequently a peculiar hyper-pigmentation of the 
skin, and a high mortality. 

Under the name of Burdwan fever the disease was known 
in Lower Bengal in the early fifties of the last century, and 
it was known to exist in Assam as far back as 1869. 
In 1881 it broke out in an epidemic form at the foot of the 
hills just to the east of the Brahmaputra. The earliest record 
of the disease is by Clarke who in the Assam Sanitary Eeport 
for 1882 described it as a severe form of malarial cachexia. 
The disease appeared in an epidemic form in Nowgong 
(Assam) with a decrease of population to the extent of 
31.5 p. c. between 1891-1900. And Rogers linding malarial 
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parasite in about 80 p.c. of the cases in theNowgong district 
attributed these cases as a form of epidemic malaria, and 
Sir Ronald Ross as a result of investigation in Assam also 
supported the malarial theory. 

Etiology.— In 1903 Sir William Leishman iirst descilbed 
the parasite of kala-azar, and about the same time Donovan 
observed similar bodies in the spleen of patients dying of 
chronic fever in Madras. These parasites have been named 
after them and are known as ‘Hjeishman -Donovan bodies.'’ 
They are small round or oval bodies measuring 2 to 4 in 
diameter. In each parasite an oval macro- and a rod-shaped 
micro-nucleus aiid a capsule can be differentiated. The para- 
sites are almost invariably intracellular, where they grow 
and multiply. The distribution of the parasites in the body 
is general, but they are most numerous in the spleen, the 
bone-marrow and the liver. They also occur in the blood 
though in small numbers, being found there both in poly- 
morpho-nuclear and mono-nuclear leucocytes. In the blood 
they are found in great abundance towards the termination 
of the case, especially during fever, and when intestinal 
symptoms are i)resent (Donovan). Rogers demonstrated the 
flagellate stage of the parasite by cultivating it in vitro. 

Both sexes and all ages are equally affected and no occupa- 
tion is a bar to the disease. The majority of cases occur 
during the cold season. 

The disease occurs over a wide area in the Sylhet valley 
of Assam, in Lower Bengal and Bihar, and in the easterly 
portions of United Province. It is rare in the north west of 
India, Bombay Presidency and Central Provinces. Madras 
Presidency is not immune to it and is reported to be spread- 
ing there. The affected areas have a high degree of humidity 
and a minimum mean temperature of not less than 50° F. It 
is also common in China. 

The disease is common in Calcutta, and seems to attack 
all classes. It is not so common, however, in the upper- 
class Europeans. 

Mode of Transmission.— This is still doubtful. The fact 
of several cases occurring in the same family or house 
suggests mode of transmission through animals or insects 
domestic in their habits. 

Notwithstanding a large amount of work the mode of 
infection is still uncertain. Patton and Rogers suggested 
the bed-bug theory. Others seem to believe that the para- 
site may leave the human body either by the alimentary canal 
eft through the agency of blood-sucking insects. Of the 
different possible blood-sucking insects, mosquitoes, lice, 
fleas and ticks may be excluded on various epidemiological 
and experimental grounds. The sandfly has been strongly 
suspected of transmitting the disease ; and a large amount 
of work has been done within recent years in attempts to 
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incriminate this insect. Knowles, Napier and Smith have 
shown that when Phlehotomus argentipes, a common sandfly 
of Calcutta, was fed on the blood of a kala-azar ])atient there 
was remarkable devlopment of the flagellate forms in the 
mid-gut of the insect. In some insects these reached the 
mouth parts, so that it was possible for them to enter the 
blood of the victim when bitten by these flies. Patton and 
Hindle have since been able to obtain similar development 
in the closely allied Chinese sandfly, P. major and P. scrgefiti^ 
and it is remarkable that the incidence of the disease closely 
corresponds the sandfly population. The actual transmis- 
sion of the disease to man under experimental conditions 
still remains to be done. The possibility of the infection 
being carried via the alimentary canal has been brought 
forward by 8hortt who infected hamsters by oral adminis- 
tration of saline emulsions of infected livers and spleens, 
and by cultures of L. donovani given orally. The same 
worker has more recently succeeded in infecting hamsters by 
the bite of P. argentlpeSf but all attempts to transmit the 
disease from man to man have hitherto been unsuccessful. 

Prevention. — The introduction of the treatment by anti- 
mony preparations has robbed the disease of much of its 
terrors by reducing the number of persons harbouring the 
infection. The disease is essentially a house infection and 
repeated number of cases occur in the same house. The in- 
fected houses or localities should as far as possible be avoid- 
ed for permanent residence. This measure alone proved 
effective in dealing with outbreaks in certain districts. 

Trypanosomiasis 
S leep in g Sickn ess 

It is a chronic disease found in tropical Africa, produced 
by protozoal parasites, Trypanosoma gamhiense and T. rho- 
desiense, and transmitted by the tsetse fly. It occurs only 
in those parts of Africa where the fly is found. 

Etiology. — All persons of all ages are susceptible to this 
infection provided opportunity occurs for the infected tsetse 
fly to bite. Two varieties of the parasite cause the disease 
in man, each type being responsible for a distinct type of 
ailment. The parasite is found in the fresh blood of an 
infected person, but the number present varies. Sometimes 
it is difiicult to find a single parasite in the slide. During 
febrile attacks it is found in large numbers. Jt is also found 
in the lymphatic glands and in the later stage in the cerebro- 
spinal fluid. 

Mode of Transmission.— This may be (1) cyclical, and 
(2) mechanical. 

(1) Cyclical. — When the tsetse fly bites an infected 
person it draws with the blood some parasites which undergo 
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developmental changes in the mid-gut (see page 420). During 
this stage the lly cannot infect but becomes infective after 
about twenty days, when the parasites appear in the salivary 
glands and remain infective during the several months of 
its existence. 

(2) Mechanical Transmission. — Duke working in the 
Mwanza area of Tanganyika Territory has pointed out that 
direct transmission by the lly from one patient to another is 
possible without the parasite going through the elaborate 
cyclical development Avithin the insect. This direct trans- 
mission has been proved in the case of animal reservoir 
hosts. Until recently it was believed that the fly became 
infected from man only, but it is now generally held that 
big game and antelopes are commonly infected and form 
reservoirs for T, ejamhiense. 

Although both G. palpalis and G. morsitans can be infected 
experimentally Avith both forms of human trypanosomes, 
in nature G. palpalis is the carrier of T. gamhlensc and G. 
morsitans of T. rhodesiense. 

The incubation period is indefinite, but it is generally 
believed to be from 2 to 3 weeks, it may be several months 
before any symptoms could be detected. The disease is 
insidious in its onset, characterised by irregular attacks of 
fever lasting for a week and then disappearing to reappear 
again after an interval. In some cases the fever may be 
continuous but is always irregular. The glands of the neck 
and other parts of the body become enlarged and tender. 
The real sleeplncj part of the disease comes on in the later 
stage. In fact it is the terminal manifestation and depends 
upon the implication of the nervous system either by the 
parasite or its toxin. 

Prevention.— This depends on the avoidance, as far as 
possible, of being bitten by the flies. The fly area should be 
avoided. The fly bites during the day, therefore the journey 
through the fly area should be done during the night. In- 
fected persons should be spotted out and isolated and 
properly treated with Bayer 205 and tryparsamide to free 
the peripheral blood of the parasite. An early case re(fuires 
seven weekly injections of Bayer and seven of tryparsamide 
The fly prefers dark coloured garments, therefore, white 
dress should be Avorn. 

Spread of the disease should be controlled by declaring 
main endemic centres — '"h'nfected areas''. Here labour recruit- 
ing should not be allowed except under medical supervision, 
aftd no enterprises entailing employment of labour should be 
allowed unless an adequate medical staff is available. Provi- 
sion should be made for compulsory treatment of patients. 

In Belgian and French territory in Africa the disease is 
being controlled by the general application of the medical 
passport system, which involves the medical examination of 
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all persons moving from their own locality. The disease is 
being gradually diminished in the most heavily infected areas 
by the repeated examination of the whole population, with 
treatment of cases with organised brigades. In Tanganyika 
the problem is exceedingly serious, the large portion of the 
territory being infested with G. morsitans and G. swynnertoni 
and owing to the existence of endemic and epidemic foci of 
T. rhodesiense infection carried bj^ these species. Control is 
being effected by concentrating scattered hamlets into cleared 
settlements and by improved methods of agriculture. Here 
also movement of population in infected areas is controlled 
by a permit system. In Soudan a welLorganised and fully 
staffed campaign has practically eradicated the disease from 
two infected provinces of Mongalla and Bahr el Ghazal. 
Isolation of patients in treatment camps, removal of villages 
from fly infested areas, and control of movements of in- 
habitants and emigrants are the measures adopted.* 

Yellow Fever 

Definition. — It is an acute fever characterised by jaundice 
and albuminuria, occurring endemically in certain geog- 
raphical areas. It is caused by a special liltrable virus of 
unknown mori)hology, and is carried from man to man by 
stegomyia mosquitoes, Aedes ce(jypti or Aedcs arcjenfcus, which 
cause dengue fever in India. 

Distribution. — The most characteristic feature about 
this disease is that it is restricted to certain geographical 
areas. It is possible that it spread from tropical America 
through Mexico to tropical and subtropical countries on 
either side of the Atlantic Ocean. It is also found in the 
Pacific shores of tropical North and South America. Al- 
though various outbreaks occurred from time to time in the 
subtropical coastal areas of America, Western Africa and 
Western Europe it was never found in an endemic form 
outside the tropical area. In America it is restricted to 
Mexico, South and Central America, particularly the Panama 
Canal zone. Epidemics occurred at different times within 
the last ten years in Southern Nigeria, Gold Coast Colony, 
Gambia, Sierra Leone and from Senegal to Congo. Recently 
it has been shown to have a wider distribution in West and 
Central equatorial Africa reaching up to southern British 
Soudan. No case has been recorded from India and the Far 
East. 

Epidemiology. — The virus can be transported from one 
place to another but for its development in an epidemic fotm 
it requires a mean atmospheric temperature of over 75® F. 
Below this point it ceases to grow. Since dampness favours 
the disease, it is seen mostly during the rainy season speci- 

*W. B. Johnson, Tropical Diseases Bulletin, May,, 1931. 
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ally during the hot and moist months of the year when Aedes 
mosquitoes abound. Carter has pointed out that the disease 
rarely spreads more than 75 yards from an infected place 
and ships moored at a distance of 400 yards from an infected 
area are safe. Infected houses are dangerous as there may 
be infected mosquitoes. The fomites play no part in the 
spread of the disease. 

The absence of the disease in India is due to the absence 
of the virus, possibly due to the length of voyage from the 
infected countries to India, althougli the carrier stegoinyia 
mosquitoes are quite common in India. With the opening of 
the Panama Canal and the introduction of air travel it has 
become possible for persons to land in India while incuba- 
ting infection contracted in an infected country. There is 
also the possible contingency of accidental carriage in air- 
craft of infected mosquitoes, or such uninfected ones as are 
capable of becoming vectors of infection if planted in a 
territory ordinarily unfrequented by them, but perchance 
containing the infective material of this disease. The faci- 
lities of travelling by rail and motor between West and East 
Africa increased the danger of infection being carried to 
East Africa whence its spread to India will be more easy. 

Immunity.— Recovery from one attack of yellow fever 
confers a life long immunity. Although a second attack 
within two years is not uncommon, but the attack is as a 
rule mild. People who live in endemic areas often show 
some degree of immunity due to former mild attack. The 
incubation period is generally 4-5 days, rarely exceeds 13 
days. Although the period elapsing between the introduc- 
tion of the virus and the first appearance of the fever is 
usually 3-6 days, yet it requires at least 12 days before that 
virus aft^r removal from one person can be effectively im- 
planted into another person. The lapse of time subsequent 
to the ingestion of infected blood by a stegomyia before it 
can be infective is generally 12-19 days, but this varies 
depending upon temperature. Once infected the mosquito 
will remain infective for the rest of its life. 

The Virus. — Noguchi thought that the causative factor 
of the disease was a spirochsete, Leptospira icteroides, but 
subsequent observers did not substantiate his finding. It 
has been definitely proved that the virus is ultra-microscopic 
though filtrable, andean be passed through aBerkefeld filter. 
It is however not filtrable when developing in the mosquito. 
There is no evidence to support the view of Noguchi and the 
trye morphology of the virus of yellow fever is still unknown. 

Prevention. — The most effective prevention depends 
upon active measures taken for mosquito control, specially 
the stegomyia mosquito. Before any anti-mosau ito measure 
is adopted a careful survey of the habits and distribution of 
the local species should be made and all patients suffering 
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from the disease isolated in mosquito proof rooms. The 
disease has been banished from Havana and Panama Canal 
Zone by the active measures taken against breeding and 
spread of mosquitoes and protecting the sick against the 
bites of these insects. In any campaign against the disease 
the ideal to be aimed at is the extermination of the mosquito 
by all the known anti-mosquito measures. The stegomyia 
being a domestic insect every effort should be made to 
prevent its breeding in and around the house. All water 
tanks, cisterns, vessels where water can collect should be 
suitably protected by proper screening or other means. 
Ships should not be allowed within four-hundred yards of 
an infected i)ovt and any mosquito found in the steamer 
should be destroyed. All infected houses should be fumi- 
gated and every one living in the infected areas should use 
mosquito nets. 

Effort should be made for proper sanitary control of air- 
craft and disinsectisation with HCN or other fumigation of 
aircraft and cargo prior to departure from the infected 
country. 

Protective Inoculation. — Convalescent serum of those 
who have recovered from recent illness has been found to 
give some protection. Kindle has shown that a dead virus 
preparation made from the liver and spleen of monkeys 
killed when moribund from the disease given to susceptible 
animals produced a high degree of immunity. Subsequently 
Findlay and Hindle pointed out that the passive immunity 
produced by the use of convalescent serum disappears 
within a short time (one to two weeks) and may avert an 
illness, but it has little effect on the symptoms already 
appeared. They have shown that a subcutaneous or intra- 
peritoneal inoculation of a mixture of the virus and the 
specific serum produces a more durable immunity than that 
conferred by the serum alone. 

White mice are susceptible to the virus of yellow fever. 
In these animals it produces an encephalitis and the virus 
becomes ‘fixed’ in strength. Human serum from recovered 
cases of yellow fever mixed with such fixed virus and inject- 
ed into white mice will protect the animal from the develop- 
ment of the disease. Such protection is also given by human 
serum from persons who may not have had the disease clini- 
cally. Persons giving such ‘protection’ with the white mice 
test are considered to have had a mild infection of yellow 
fever. Areas in which a large number of such persons exist 
giving the protection tests are considered to be ‘endemic 
areas’ even though no obvious disease occurs. They are also 
called ‘silent areas’ of yellow feyer. This ‘protection test’ 
has been carried out on a large scale in Equatorial Africa 
and the endemic areas have been found to be much more 
extensive than hitherto thought. 
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The International Sanitary Convention makes certain 
provisions to prevent the carriage of infection of yellow fever 
from infected localities to uninfected areas. The measures 
to be taken at infected ports by the signatories of the Con- 
vention include the x)revention of embarkation of persons 
showing symptoms of yellow fever, and the prevention of 
mosquitoes gaining access to ships. Ships have been classi- 
tied as infected, suspected and healthy and the measures to 
be adopted for infected ships have been given in detail. 

While there is x)robably little likelihood of yellow fever 
being brought to India by shipping, owing to the length of time 
that voyages from endemic areas take, the development of 
aeroplane traffic has altered the situation. Yellow fever 
patients are infectious to mosquitoes only during the first 
three days of illness, while the Aedes mosquito does not 
become infectious until twelve days after the biting. Eecent- 
ly a special International Air Convention (see page 13) has 
been agreed on by which signatory countries where yellow 
fever is endemic have to establish Anti-amaril Aerodromes, 
while countries fearing the introduction of yellow fever like 
India in addition to taking ordinary precautions, may if they 
think fit under exceptional circumstances, prohibit the entry 
of aroplanes from endemic countries. 

As a precaution against the importation of yellow fever 
the Government of India (Department of Education, Public 
Health and Agriculture) have issued the following Notice 
regarding Aerial Navigation : — That no aircraft shall enter 
British India within nine days of leaving a region where 
yellow fever exists or where protection test shows that it 
has existed. This shall not apply to aircraft which has 
obtained a certificate of disinsectisation from the Director 
of the Egyptian Maritime Sanitary and Quarantine Board, 
the disinsectisation having been carried out according to a 
schedule laid down. No person may land in India by air- 
craft either as a x)assenger or member of a crew during the 
nine days following his departure from or landing in a similar 
region to the above mentioned elsewhere than in an anti- 
amaril aerodrome, unless he has been protected by vaccina- 
tion which is considered efficacious" or by a previous attack 
of the disease.* 


Relapsing Feveu 

Definition.— A febrile disease caused by a special kind 
of epirocluete and conveyed by lice or ticks. There arc two 
forms of the disease (1) Epidemic or louse relapsing fever, 
(2) Non-epidemic or tick relapsing fever. 


* The Convention, however, was not signed by the Government 
of India. 
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Louse Relapsing Fever 

This is a disease caused by the Spirochcnta recnrrentis 
which is conveyed by the head or body louse from man to 
man and often occurs in epidemic form though sporadic 
cases are not uncommon. Colonel F. P. Mackie, I. M. S., in 
1907 showed that the louse was the vector. Lice which 
have bitten an infected person become capable of conveying 
infection to other people after a few days and remain infect- 
ive for the rest of their lives. When an infected louse bites 
and is crushed by scratching, the infection enters through 
the abraded skin ; within six to ten days an attack of con- 
tinued fever begins ; this usually lasts for six to ten days 
during which time spiroch^etes can be found in the blood. 
The temperature falls suddenly and the spirochtetes dis- 
appear but in many cases there is a relapse which begins 
about 12 to 15 days after the onset of the hrst spell of fever 
and is usually of shorter duration. In a few cases there is a 
second relapse after about the same interval as the first. 
Often there is only one attack of fever so that the absence 
of a relapse does not exclude the diagnosis of relapsing 
fever. Epidemics of louse relapsing fever occur at intervals 
in Northern, Western and Southern India. The plains of 
Bengal, Assam and Orissa have been remarkably free from 
the disease but in the rest of India sporadic cases are often 
found. Epidemics have occurred in the Punjab at intervals 
of ten to twenty years and as the last widespread outbreak 
in India occurred during the years 1920 to 1934 the disease 
may be expected to become prevalent within the next few 
years. When the disease occurs cases begin to appear in 
the early cold weather, they become more numerous during 
the winter so that in Northern India they reach the maxi- 
mum in the early hot weather. Very few cases occur in 
July, August and September. 

Relapsing fever occurs in many parts of Africa, Persia, 
China, Japan, etc. As the disease is conveyed by lice it 
naturally occurs chiefly among poor and uncleanly people 
especially if they live in crowded conditions. In times of 
famine and scarcity there is a special likelihood of epidemic. 
Jails and other institutions are liable to have outbreaks. 

The statistical records are sometimes seriously vitiated 
by the unfortunate tendency of reporting officers to record 
all cases of fever with relapses as relapsing fever instead of 
restricting the name to cases caused by the spirocha^tes 
of the disease. So Ave find numbers of cases of ‘‘relapsing 
fever’' reported by the registration agencies in localities in 
which true relapsing fever has never been verified by micros- 
copical examination. An even greater error is the failure 
to detect the disease when it is actually present. Medical 
men have been known to have several fatal cases of the 
disease under their care without making the diagnosis. Even 
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when routine blood examinations are made the spirochsete 
can easily escape detection unless it is looked for, though 
when seen its appearance is quite unmistakable. In some 
outbreaks there may be relapses in less than half the cases 
so it is quite possible to see several cases without having 
the attention called to the relapses. Two or more relapses 
are the exception rather than the rule. These points have 
been stressed because of the unfortunate results which 
follow from failure to recognise and deal promptly with the 
disease, especially when it occurs in institutions. 

Sooner or later another wave of relapsing fever is likely 
to spread over the greater part of India and it is most 
important that the disease should be detected at the earliest 
possible moment. 

Prevention. — No lice, no relapsing fever is an axiom. 
In a community which has been thoroughly disinfested from 
lice the disease cannot spread. Probably the areas in 
Bengal, Assam and Orissa which have remained free from 
the disease during former epidemics owe their immunity to 
the habits of the people in applying oil to the hair and skin. 
Every person in an infected area should be thoroughly freed 
from lice by a plentiful application of one part of kerosene 
oil to two parts of mustard oil to the hair and skin and by 
boiling or otherwise sterilising all the clothing and bedding. 
When this has been done a daily application of mustard or 
other similar oil to the hair and skin after a bath with soap 
and water will effectively prevent a return of the lice. In 
places with strong sunshine lice can be kept in check by 
spreading out the clothing and bedding in the full sun for 
several hours but this procedure is unreliable as the lice 
often creep under shaded folds of the clothing and so 
survive ; also head lice cannot be dealt with in this way. 

In the presence of an epidemic properly organised delous- 
ing stations must be established and the whole population 
disinfested in a systematic way if the spread of the disease 
is to be checked. While the louse infested persons are having 
a bath of hot water and germicidal soap and being anointed 
with oil their clothing and bedding will be disinfected so that 
at the end of the process they depart freed from parasites. 
The doctors and other attendants must take great care to 
avoid infection. White overalls should be worn while on 
duty, these should be disinfected after each spell of duty and 
a bath should be taken followed by an application of oil 
to the hair and skin. 

Tick Relapsing Fever 

This disease is caused by a distinct species spirochsete 
called the Spirochceta duttoni ; it is conveyed from man to 
man or from lower animals to man by certain kinds of ticks. 
Tick relapsing fever seems to be of little importance in India 
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but the possibility of its occurrence should not be ignored as 
it occurs in Central Asia. It differs from louse relapsing 
fever in not being liable to occur in epidemics as the ticks 
which are the vectors do not often bite human beings. The 
disease tends to cling to certain localities, where ticks are 
prevalent. It occurs in many parts of the world. 

Several relapses usually occur at shorter intervals than is 
the case in louse relapsing fever. 


Typhus Group of Fevers 

Till recently typhus fever has been regarded as a single 
well-defined disease which tends to occur in epidemics among 
persons living in conditions of poverty, famine, over-crowd- 
ing and filth. 

Now it is known that other forms of disease belong to the 
typhus group of fevers. These resemble typhus in their 
clinical manifestations and in being caused by the same kind 
of virus, viz, rickettsia bodies, but, whereas the classical form 
of typhus fever is entirely a disease of man and is conveyed 
from man to man by lice, the other forms are primarily 
diseases of lower animals, chiefly rodents, and are conveyed 
from these animals to man by ticks, mites or fleas. 

The typhus fevers have been classified as follows by 
Megaw : — 


TYPHUS GKOIIP OF FEVERS 


Epidemic Typhus Non-epidemic or 

or Louse Typhus Epizootic Typhus 

also called I 


Jail Fever, 
Famine Fever. 


I I I Epizootic Typhus 

Tick Typhus Flea Typhus Mite Typhus of unknown 
I I I vector. 


Other names 


Rocky Mountain 
Fever, Indian 
Tick Typhus. 


Murine Typhus, 
Endemic Typhus, 
Urban form of 
Tropical Typhus. 


Japanese River I 
Fever, Tsutsu- 
gamushi Fever, ! 
Rural form of 
Tropical Typhus. 


The most important advantage of this classification is 
that it distinguishes between the classical form of typhus 
fever, which is conveyed from man to man by lice and is 
therefore an epidemic disease associated with poverty, over- 
crowding, filth, etc., and the non-epidemic forms of typhus 
which arc primarily diseases of animals and are conveyed to 
man by ticks, mites and fleas. The non-epidemic typhus 
fevers are not naturally communicated directly from man 
to man and therefore are essentially place diseases occurring 
in the localities where animals are infected. The best known 
form of tick typhus is the Rocky Mountain Fever, but this 
disease or a closely related disease occurs in many places 

34 
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throughout the world including India where it Avas described 
20 years ago by Megaw. Cases have been reported chiefly 
from Bhim Tal, Sat Tal and the Central Provinces. Mite 
typhus is chiefly prevalent in Japan where it has been 
known for many years as Japanese River Fever or Tsutsu- 
gamushi Fever. It is now known to occur in the Federated 
Malay States and several other places in the Far East. 
Evidence is accumulating that it occurs in the Simla Hills 
and other x^l^ces in India. Flea-borne typhus has only 
recently been isolated. It is the mildest of all the forms of 
typhus fever ; its virus is closely related serologically to that 
of louse-borne typhus, apparently the virus has been perma- 
nently attenuated by passage through rats which are the 
reservoirs of infection. This disease is widespread in the 
world and it also appears to occur in the 8imla Hills and 
other localities in India. In the case of all the non-epidemic 
forms of typhus, rodents, especially rats and mice, are the 
chief reservoirs of infection just as rats are in the case of 
plague. 

Epidemic typhus is highly infectious and very strict pre- 
cautions have to be taken to prevent the spread of infection 
from patients to other persons who come in^ contact with 
them, whereas there is little or no risk of infection by contact 
with the non-ex)idemic forms of the disease. 

The Weil-Felix reaction often helps in diagnosis. In the 
case of louse-typhus and flea-typhus there is a strongly pos- 
itive reaction to Proteus XH) towards the end of the fever 
and for some time afterwards ; in the case of mite-typhus 
there is a strongly positive reaction to Proteus XK but 
usually a negative reaction to Proteus X19. In tick-typhus 
there may be a negative or Aveakly j^ositive reaction to 
Proteus XK and Proteus X19 though exceptionally a re- 
action to X19 has been found in dilutions of or even 
more during convalescence. 

The knowledge of the non-epidemic form of typhus iwS 
still incomplete, the important point for Public Health 
worker being to realise that these types of disease are being 
recognised in increasing numbers in India as well as in other 
parts of the world. Although in many cases it is diflicult to 
decide which vector is responsible there is usually little 
difficulty in recognising that an individual case belongs to 
the non-epidemic or epizootic group as distinct from the 
epidemic louse-borne typhus. 

* . Epidemiology op Louse Typhus 

The disease is most common in cold or subtropical cli- 
mates ; it occurs in the North-West Frontier Province and in 
some districts of the Punjab where small outbreaks are liable 
to occur chiefly at the end of the cold season or the begin- 
ning of the hot weather. In the rest of India there appears 
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to be remarkably little epidemic typhus, whereas the non- 
epidemic forms are met with in many localities throughout 
the country. 

Epidiomiology of tiik Non-kpidemic Typhus Fevetis 

Tliese forms of typhus fever occur chiefly in persons living 
in the country or in wooded regions where they come into 
association with the rodents which are tlie usual reservoirs 
of infection. Persons who visit the infected areas for shoot- 
ing, fishing, etc., are frequently attacked, but often it is 
impossible for them to detect the vector arthropod as it 
often feeds on them and becomes detached without the victim 
being aware of the bite. 

In the case of flea-typhus people living in villages are 
liable to the disease as the rat reservoirs of infection with 
the fleas which convey the infection are often found in urban 
areas. 

Non-epidemic typhus in general is chiefly a disease of 
childhood in most of the affected areas so that cases of the 
disease are not often seen in adults except among new- 
comers who have not acquired immunity through attacks in 
childhood. 

Etiology. — The virus of epidemic typhus is Eicketfsia 
prowazek'i which is present in the blood of infected persons 
during the first four or five days of the disease. Lice which 
have bitten an infected person early in the course of his 
illness soon become capable of conveying the infection to 
susceptible people and remain infective for the rest of their 
lives. The virus of each of the non-epidemic typhus fevers 
is a closely related Rickettsia body which is conveyed from 
infected animals to man by ticks, mites and fleas. Tlie 
virus of each of the three forms of the disease apj)ears to be 
distinct from the virus of the others, but the exact relation- 
ships of the viruses are still imperfectly known. 

Prevention. — In the case of louse-borne typhus the 
methods of prevention are the same as for relapsing fever ; 
the disease cannot spread in the absence of lice. 

Prevention is not so simple in the case of the non-epi- 
demic forms of typhus but fortunately these have never been 
known to be communicated from man to man excex)t by 
artificial inoculation. 

Their prevention consists in avoiding infected localities 
and in taking x^recautions against bites by ticks, mites and 
fleas. When travelling in an infected area the body 
should be carefully examined every few hours for the pre* 
sence of ticks or mites ; if any are found they should be 
removed and a drop of tincture of iodine or other antiseptic 
should be applied to the spots which have been bitten. If 
the tick or mite is removed within two or three hours there 
is much less risk of infection than if the arthropod has been 
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allowed to remain for longer periods. Larval mites are ex- 
ceedingly small and so are difficult to detect. Fleas, of course, 
cannot be dealt with in this way, but protection of the 
legs by thick stockings or putties is a helpful measure. 

Plague 

Plague is an acute infectious disease caused by a specific 
bacillus and characterised by inflammation of the lymphatic 
glands, sometimes by pneumonia or septictemia. 

The first authentic account of plague refers to the latter 
half of the sixth century a. d., when it lasted for fifty to 
sixty years and was known as the plague of Justinian. From 
that time there was no other epidemic till the Black Death 
of the fourteenth century. In the fifteenth century there 
were outbreaks in many parts of Europe, chiefly imported 
from the East. The first outbreak of plague recorded in 
India was in 1612 by the Emperor Jahangir. In 1815 bubonic 
plague broke out in Kutch, and then spread to Sind and 
Guzerat, and lasted till 1821. In 1823 it broke out in the 
Kumaon Hills on the west of Nepal, and was known as 
Mahamari. In 1836 a fresh outbreak occurred, in the town of 
Pali in Eajputana, spreading to Jodhpur and Marwar, and 
continued till 1838. This was known as the Pali Plague. 

In 1871 plague appeared in an endemic form in the south 
west of China in the province of Yunan, and, probably 
following the trade route, it spread to Pakoi on the Gulf of 
Tonquin. In 1894 it extended to Canton, and then appeared 
in Hong-Kong and many other places in the southern pro- 
vinces of the Chinese Empire. 

In 1896 it broke out in Bombay, having probably been 
imported from Hong-Kong, and thence it spread to Calcutta, 
and subsequently throughout India. The total number of 
deaths recorded from this cause in India for thirteen years 
(1897-1909) amounted to 6,133,476. In 1918-19 the mortality 
from plague in India sank to less than one-sixth of the mean 
mortality during the past twenty years. 

The Bacillus. — The plague bacillus, Fasteiirella pestis 
was first discovered by Yersin and Kitasato during the 
Hong-Kong outbreak in 1894. It is a short oval bacillus 
with rounded or square-cut ends occurring singly or in dumb- 
bells, and occasionally in chains ; it is non-motile and does 
not form spores. The bacilli are demonstrated from post- 
mortem specimens or from puncture of infected glands. 

, The bacillus is killed by heat, and an exposure for an 
hour at 58® C. is fatal. It is killed by drying in a day or 
two, but it has remarkable power to resist cold, it is 
readily destroyed by antiseptics, a 1 in 1000 corrosive subli- 
mate or 1 in 100 chloride of lime solution being efficient. It 
grows readily in broth specially if a layer of ghee floats on 
the surface. The German Plague Commission stated that 
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the longest time the bacilli of infected materials remained 
active was eight days. They further showed that the B. 
pestis multiplied up to 45 days in the gut of the flea. In 
drinking water they die in three days, and in sterile water 
in eight days. Direct sunlight kills the organisms in three 
to four hours. 

It is also present in great abundance in the spleen, intes- 
tines, lungs, kidneys, liver, and other viscera, and also, 
though in small numbers, in the blood. In the pneumonic 
type it is present in the sputum in enormous numbers. 

The Bacillus pestis has not been recovered from the mud 
or cowdiing floors in India. The Plague Commission has 
shown that floors of cowdung if contaminated with Bacillus 
pestis do not remain very infective for more than forty-eight 
hours, and that floors of chunam cease to be infective in 
twenty-four hours. 

Incubation period is usually three days and patients 
should be isolated for a month. Three forms of plague are 
seen, viz . — 

(a) Bubonic plague, infection being conveyed by fleas 
and not directly infectious from man 'to man. 

{h) Pneumonic plague, infection being conveyed through 
droplets of sputum during coughing. 

(c) Septicfemic plague. 

In addition to man, the monkey, cat, rat, mouse, guinea- 
pig and rabbit are also susceptible to inoculation. 

Modes of Entry. — The bacillus is transmitted from rat 
to man, rat to rat, man to rat and from man to man, by one 
of the following ways : — 

1. Infection through the Fore Intestine. — A flea if inter- 
rupted during a feed- may infect at its next feed, after a 
short interval, either by depositing the bacilli through 
contaminated mouth parts or by regurgitation of the con- 
tents of the oesophagus or mid-gut. The Indian Plague 
Commission do not support these theories and hold that 
regurgitation from the mid-gut is impossible owing to the 
powerful and eflicient proventricular valve. 

2. Infection by the Hind Intestine. — Fleas may expel 
the bacilli during a bite with the feces and thus cause 
infection either through scratching or through any existing 
abrasion. This view is not accepted now. Martin and 
Bacot, however, found that the plague bacillus lost its 
virulence in the stomach of the flea and that the feces 
contained relatively few bacilli. 

3. Direct Infection by a Blocked Flea. — This is the moat 
common mode of entry. Martin and Bacot have shown 
that, in a certain percentage of cheopis after ingesting plague 
infected blood, the proventriculus of the flea gets blocked 
with a mass of B. pestis growing on the ingested blood. 
The flea in this condition is said to be “blocked’\ During 
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this stage it is unable to till its mid-gut with blood and 
therefore is in a starved condition. The frantic efforts 

of the thirsty flea to suck 
more blood cause the injec- 
tion of the bacilli into the 
skin of the host. Since the 
^ blocking may not be complete, 
the proventriculus does not 
act as a valve. A partially 
blocked flea, when feeding, 
not only draws blood from the 
wound made by the mouth 
parts but also draws forward 
some of the contents of the 
mid-gut. The regurgitated 

Fig. 151._Flea viewed as a f>lood from the mid-pt mix- 
transparent object. The pro- mg with the blood in the 

ventricnlus and stomach con- oesophagus may then readily 

tain a mass of plague culture. i^feet the wound with the 
(i anson). plague bacillus. Moreover a 

blocked flea may become unblocked due to the loosening and 
breaking up of the hfemo-bacillary block in the {)roventriculus. 
The oesophagus of a partially blocked flea becomes distended 
throughout its extent with a blackish mass continuous with 
that in the proventriculus and mid-gut. This mass consists 
of partially digested blood and plague bacillus. 

A partially blocked flea therefore is a serious danger to 
the community, and it lives longer as it is able to ingest small 
quantities of blood, than a completely blocked flea. 

4. Double Bite Method of a Blocked Flea . — Hirst has shown 
that a blocked flea feeding on an infected rat fills the fore- 
intestine with the infected blood as it is prevented from pass- 
ing into the mid-intestine, which is already blocked. During 
the second feed the wound becomes infected with the bacilli 
from the blood of the first rat. This double bite method is 
possible with human beings dying from septicfemic plague. 

Pneumonic plague enters the system through inhalation 
by droplet infection. 

The fleas infect man after the rats die of plague. They 
leave the cold body of the dead rats and bite man for want 
of a more susceptible victim. As a rule they bite the bare 
feet or legs thus causing the buboes to appear in the in- 
guinal region. On the other hand sweepers who handle dead 
rats get beaten on the hands and arms and develop axillary 
buboes. 

Kitasato has demonstrated the presence of Bacillus pest is 
in the dust from the walls of a room occupied by a plague 
patient. This mode of infection is not common in India, 
though the plague infected houses are generally ill-venti- 
lated, dark, and densely crowded. 
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Means of Spread. — The conclusions of the Indian Plague 
Commission may be quoted in extenso : — 

1. Pneumonic plague is highly contagious. It is, how- 
ever, rare (less than 3 per cent, of all cases) and plays a 
very small part in the general spread of the disease. 

2. Bubonic plague in man is entirely dependent on the 
disease of the rat. 

3. The infection is conveyed from rat to rat and from 
rat to man solely by means of the rat-flea. 

4. A case of bubonic plague in man is not in itself infec- 
tious. 

5. A large majority of plague cases occur singly in 
houses ; when more than one case occurs in a house the 
attacks are generally nearly simultaneous. 

G. Plague is usually conveyed from place to place by 
imported rat-fleas which are carried by people on their 
persons or their baggage. The human agent himself not 
infrequently escapes infection. 

7. Insanitary conditions have no relation to the occur- 
rence of plague except in so far that they favour infestation 
by rats. 

8. The non-epidemic season is bridged over by acute 
plague in the rat, accompanied by a few cases amongst 
human beings. 

The Commission has further shown that an epizootic of 
rat plague may start without contact or even proximity of 
healthy and infected animals. As long as fleas from an 
infected animal are transferred on to a healthy animal they 
will cause infection. The chief agents in the development 
and perpetuation of plague epidemics are the rats and the 
rat-fleas {Xenopsylla' ckeopis) and other species of fleas, such 
as Ctenocephahis canis^ which bite dog, rat and man. 

Eecent researches have demonstrated that the rat-flea 
can be transferred through grain and in grain sacks. This 
fact was responsible for cases of plague in ships which were 
free from rats but were carrying grain from Basra to Amara 
and Bagdad during the last War. 

Owing to the free discharge of the organism with the 
sputum and the consequent direct infectivity of the disease 
at short ranges, pneumonic plague spreads from man to man 
directly by droplet infection, but fortunately this variety of 
plague is rare. It occurs occasionally in cold climates like 
that of Eastern Siberia and Manchuria. Pneumonic plague is 
more liable to occur in temperate and cold seasons. As it 
does not lead to an infection of other animals or to an 
epizootic, the epidemic has a tendency to die out rapidly. 

The Rat.— Although epidemics of pneumonic plague may 
occur without the intervention of rats, it is definitely i^roved 
that in epidemics of bubonic plague the rat plays an im- 
portant part in the propagation of the disease. 
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The disease is essentially a rat disease and is carried to 
human beings by fleas which have fed on infected rats. The 
rats chiefly responsible are the black domestic rat (Rattus 
rathis) and the brown rat, Rattus norvegicus (decumanus)^ 
which is the common water rat or sewer rat. R, rattus is 
most susceptible to plague, and being a domestic rat is 
found in close connection with man. R. norvegicus is a wild 
rat. These rats are usually infected with fleas, chiefly Xenop- 
sylla cheopis, X. astia^ X. hraziliensis and Cerafophyllus fasciatus 
(see page 426). 

Rathis rattus, is the common domestic animal in India, 
and lives and breeds in and about human dwellings. It is the 
black rat and feeds upon grain and other articles of food 
stored in the house. It is distinguished from Rattus norvegicus, 
the brown rat, by its tail being longer than the body and its 
large ears. It has a small and pointed head, a smooth coat, 
and is comparatively small. The black rat does not migrate 
to any distance. When the infection is present and the 
rat population sufficiently numerous to maintain an epidemic, 
an epizootic (or precedent outbreak of the disease in animals) 
takes place. If the rat population is scanty, the epidemic 
either cannot arise or is of short duration. The epizootic 
among rats is followed after about a fortnight by the out- 
break of human plague. 

The plague infected flea may live apart from the rat host, 
and remain infected for a period of 23 days, and in low tem- 
perature even longer. In hot dry climate, say 80® F. the 
infected fleas die rapidly, the probable cause of cessation of 
plague in the hot season. In certain parts of India the 
climatic conditions are such that given a sufficient quantity 
of black rats to maintain the infection, the disease may 
persist throughout these months which in other parts of the 
country are non-epidemic. Moreover, in any part of India, 
plague may persist among rats through the non-epidemic 
season without revealing its presence by unusual sickness 
and mortality ; this period is known as the ‘‘carry over 
season.^^ The treatment of carrying-over village is therefore 
of utmost importance in the prevention of plague. In the 
Punjab plague is essentially a rural disease. 

The following, method of treating carrying-over villages 
was devised by Colonel (now Major-General) Forster, when 
he was the Director of Public Health of the Punjab. A list 
of carrying-over villages was first made as follows: — 

(a) Those in which plague has been endemic for the last 
3 cr 4 years. 

(h) Those in which plague was present in the month of 
June. 

(c) Those which have been infected with plague after 
April. 

The scheme aimed at by treating these villages by de- 
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ratisation three times during the period from May to Novem- 
ber, which include the off season ; say once in May, once in 
August, and once in November. The following figures are 
striking by showing the result of such operations. Where 
three operations were given, plague recrudesced in the next 
year in 1 p.c. of the villages ; where two operations were 
given plague recrudesced in 2 p.c. of the villages ; where 
one operation was only given plague recrudesced in 5 p.c. 
where no operation was done at all, the recrudescence was 
between 50 and 60 p.c. The village was first visited by the 
preparatory gang who selected the houses to bo deratised. 
The operation was carried out with ^^cyanogas’' which is a 
brown powder evolving hydrocyanic acid when it comes in 
contact with moisture and contains 50 p.c. calcium cyanide. 
The operation is, therefore, dangerous and requires evacua- 
tion of the houses to be treated for at least 12 hours. They 
are then prepared for treatment by plugging up as many of 
the rat holes as possible with mud or clay both inside and 
outside the house so that the rats might not escape. Next 
day the deratising gang arrived and proceeded to treat each 
house by means of i)umping in cyanogen gas into the rat 
holes with a hand pump [see page 487), the plugs from the 
rat holes being removed one by one and replaced. The 
powder was also scattered amongst the walls and the jcoofs 
of the houses. Next day the clearing up gang arrived and 
examined the results of treatment by digging up some of the 
rat holes. At the same time the villagers were instructed 
in anti-rat methods, e.g, by keeping the food protected by 
placing it on top of a platform placed on a long smooth 
wooden pole. In large municipalities also rat killing by 
either trapping or any other method is usually the method 
of choice for anti-plague work. The rat population approxi- 
mates to the number of human population in towns and it 
has been estimated that if one rat per head per annum is 
killed then human plague is unlikely to appear in the town. 

The prevalence of rat-fleas is intimately associated with 
the season of the year. They freely multiply and are very 
active when the temperature is 50° F. or thereabout. The 
average life of the flea apart from its host has been found to 
be about ten days in Mesopotamia, while in a tropical tem- 
perature it can harbour the bacillus when feeding on blood 
for forty-five days. 

In Manchuria the tarabagan flea (Ceratophyllus silantievi) 
plays the chief part in spreading the disease. Apart from 
the rat, certain species of marmot called “tarabagan” aiM3 
responsible for Mongolian and Siberian epidemics of pneumo- 
nic plague. They harbour the bacillus in their body and 
constitute more or less a permanent reservoir of the plague 
bacillus, the infection being conveyed through fleas which 
infest these animals. It is however now believed that these 
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fleas play a less important part and that infection is trans- 
missible via the alimentary canal. The pouched marmot of 
the Caucasus, and ground-squirrel of California are also im- 
portant reservoirs of B. pestis. 

Seasonal Prevalence . — Season has an influence on the epi- 
demicity of plague depending on the temperature and humi- 
dity. K. St. John Brooks has pointed out that in addition 
to high temperature a dry atmosphere, as indicated by high 
saturation deficiency, is an important factor in reducing 
plague {see rat-flea, page 426). This view has been confirmed 
by Eogers, who holds that the decline of plague in India 
during the height of the hot season is due to high tempera- 
tures and high saturation deficiencies. Thus the increase 
of plague in Bombay, Deccan and Central Provinces during 
the monsoon is attributed to the comparatively low tempera- 
ture which occurs in that season, as compared to North 
Western India where there is no appreciable increase till the 
months of November and December. By a study of the 
elimatic conditions Eogers was able to make more or less 
accurate forecasts of the probable rise and fall of plague. It 
tends to become evenly endemic in such places where clima- 
tic conditions are equable, vi^. Lower Burma and the Nilgiris. 
It shows violent fluctuations in the Punjab where great 
variations of temperature and humidity occur. The first 
Bombay epidemic (1896) was at its highest in December, the 
second reached its highest in February, and the third in 
March. The plague, however, constitutes a notable example 
of seasonal disease, its intensity being at its lowest ebb in 
gradually increasing till it reaches the zenith in March 
and rapidly declining during the next four months. 

Prevention. — The preventive measures may be con- 
sidered under the following heads, vis :. — 

A. Evacuation of the Infected Area . — As soon as the disease 
is recognised, if practicable, the infected village or locality 
should be evacuated and the inhabitants accommodated in 
temporarily built quarters or huts, while the infected ones 
and those adjacent to them should be thoroughly disinfected 
to destroy fleas. In cities evacuation is rather difficult ; 
when enforced it has sometimes met with serious opposition, 
and therefore requires careful control and organisation. 
Voluntary evacuation, when uncontrolled, has too often taken 
the form of a stampede which carries the disease to the un- 
infected areas, Villagers, however, are now quite willing to 
evacuate as soon as dead rats appear. 

* These measures have proved a success only when pro- 
perly organised by fu) the institution of infectious diseases 
hospitals; (b) orgaoli^ preparation of camps for evacuation 
of the infected quarters; (c) the multiplication of the rural 
•dispensaries ; and (d) a great increase in the rural area of the 
number of medical men capable of instructing the people in 
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the benefits of sanitary measures, and of giving them pre- 
ventive inoculations. 

B. Campaign against Rats, — In cases of outbreaks it is 
important that one should remember the following points: — 

1. That an intimate relation exists between rat plague 
and human plague. 

2. That rat plague precedes human plague. 

It follows, therefore, that the prevalence of plague 
depends on the density of the rat population. 

(a) Bat Elimination or the Prevention of Rat Infestation . — 
This comprises such modifications in the habits, customs and 
dwellings of a community as will result in a diminished rat 
infestations in the homes of the people and make the associa- 
tion between rats and men less intimate than at present. 

(h) Measures designed to protect the rat population of 
any given town or village from plague infection. 

(c) Eat destruction designed, as in (a) to diminish the 
chances of infection, and to keep the rat population at so low 
a level that, if plague be introduced, the severity of the 
resulting epidemic will be appreciably diminished. 

(d) If efforts under these three heads fail to keep plague 
out, it is left to try and render the human population immune 
to attacks of the disease by means of inoculation, or to remove 
the population at risk from close association with infected 
rats. 


I. Eat Elimination 

1. The Rat. — The common Indian house rat, R. rattuSy is 
a very domesticated animal and is rarely found far from 
human habitations. For shelter it seeks the darkest corners 
of the dwellings, esp'ecially if such offer facilities for burrow- 
ing and a convenient supply of food. The rat possesses 
remarkable powers of climbing, and the ordinary kutcha 
mud wall offers no difficulties. A hard, smooth, vertical sur- 
face free from irregularities and projections is not easily 
surmounted. A water-pipe or a drain pipe, which can be 
grasped by the rat’s legs and tail, is easily climbed. A ledge, 
projecting horizontally 9 inches or more from the wall, if 
quite smooth and hard on the under surface, presents an 
insurmountable obstacle. A rat may succeed in jumping on 
to a ledge two and half feet high, but not one three feet 
high. 

Grain is the natural food of R. rathis, which is very 
largely vegetarian in its habits. Usually the rat favours 
that variety of gmin which forms the staple food of fhe 
human population"among which it dwells. Finally rats must 
have water if their food be dry ; sufficient water is obtain- 
able from fresh or wet vegetables or grass. 

A rat becomes sexually mature at a little over two 
months ; the most common number of young at a litter is 
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live. The sexes closely approximate each other in number. 
So prolific are rats that, given sufficient food and shelter, (h 
pair of rats may multiply into 80 pairs in the course of a 
year. 

2. Bat Elimination , — Energetic and sustained rat des- 
truction campaigns will do much towards keeping the rat 
population at a low level, with a consequent markedly dimi- 
nished risk of plague infection and the certainty of a much 
milder epidemic. Such measures necessitate sustained effort^ 
because the rat is so prolific that if the campaign is relaxed 
the young rats will increase in exact prox^ortion to th^ 
amount of food available. Moreover, rat destruction cam- 
})aigns are of only temporary benefit, and it is necessary first 
to consider whether the houses, habits and customs of the 
people cannot be so modified as to render the association 
between the rat and human population less close than it is 
at present. As things are, there is no limit to the amount 
of food and shelter that the average Indian house affords ta 
the rat. Very little advantage is gained if the floors, walls 
and roof of buildings be so constructed as not to make it 
impossible for the rats to burrow therein, if such erections 
offer no lack of food and shelter to rats, and if ingress and 
egress through doors and other apertures be not prevented 
by some special devices. In many parts of India one can see 
buildings that have been made ‘‘rat-proof,^’ harbouring, all 
the same, a very large number of rats. 

Even in kntcha buildings something can be done towards 
eliminating the rat. All measures that lessen the amount 
of food and shelter for rats automatically effect a reduction 
in the number of rats. Protection of stores of food from the^ 
depredations of rats and efficient scavenging are thus anti* 
plague measures of the first importance. 

II. PROTECTION OF THE EaTS OF A COMMUNITY 

FROM Plague 

Before embarking on a detailed description of active rat- 
destruction measures it will be well to consider how best to 
protect the rat population of any town from becoming in- 
fected with plague, or to make the ever present possibility of 
such an occurrence less likely. 

1. Grain and Plague . — It is a common exjierience to find 
plague in towns and villages beginning in the close vicinity 
of markets and grain stores. The rat population of any 
given town or village is very much larger in the neighbour- 
ho€»d of market and grain stores than in other localities, witk 
the result that when plague is present the rat epizootic ia 
likely to be more wide-spread in such localities than else- 
where. It follows that grain exported from a plague infected 
town to another goes from the part of the town of despatch 
where plague is most severe to the part of the receiving town 
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where the rat population is at a maximum. Further, grain 
and similar merchandise offer facilities for the transport of 
rats which baggage consisting of personal effects rarely 
affords. Plague infected rats are likely to be much more 
harmful as plague infecting agents than are fleas alone 
which, apart from their definitive hosts, are short-lived, 
especially if infective. 

It follows, therefore, that the methods of grain storage 
and grain transport are of paramount importance in plague 
infected and plague threatened India, where the grain trade 
is in a very special sense a ‘‘dangerous trade,’’ and as such 
demands very close supervision. 

In discussing this matter it is important to bear in mind 
certain facts regarding the habits of rats cited above. They 
explain the logical basis of the following desiderata of grain 
stores 

(a) Wherever possible the wholesale storage of grain 
should be effected in buildings apart from those in which 
retail trade is carried on. 

(h) Wholesale grain stores should not be situated in close 
proximity to densely crowded areas of city. 

(c) Wholesale grain stores should never be utilised for 
X)urposes of human habitation. 

(d) Bearing in mind that water is essential for the life of 
the rat, no water accessible to rats, or fresh vegetables 
should be allowed in wholesale grain stores. 

(e) As rats are unable to circumvent a smooth horizontal 
projection of 9 inches, such a ledge surrounding grain stores 
on the top of a plinth 3 feet high, is effective in prohibiting 
the ingress of rats. On the sides of the building in which the 
doors are situated, *this ledge can conveniently be enlarged 
into a platform 2 feet or 2 feet G inches in width. Eeinforced 
concrete is a suitable material for such ledges and platforms. 

if) The roof of the godown should overhang this platform 
and ledge to prevent the accumulation of rainwater thereon. 

ig) No steps or similar means of facilitating ingress should 
be allowed. For unloading sacks of grain designed for such 
a store, the bullock cart can be pushed close to the platform, 
which is also at a convenient height to facilitate the deposit 
thereon of sacks. 

(h) Eats will, from time to time, be introduced into such 
a store, but they will be compelled to leave in search of water 
and should find their return extremely difficult. 

(0 In villages relatively rat-free stores can be made of 
almost any material, provided the roof is watertight, by lais- 
ing the floor on uprights surmounted by rat-guards similar in 
design to those commonly employed on ships’ cables. These 
uprights should be at least three feet high and would support 
the beams on which the floor rests. The floor might be made 
4>f wood. The space underneath the floor can be left open 
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and kept free from weeds and rank growth with but littlQ 
trouble. 

2. Other Means of Conveying Plague-infection , — Clothing 
and bedding from plague infected houses may contain infected 
rat-fleas ; they can be renderd innocuous by exposure to the 
direct rays of the sun. The ground used for the purpose 
should be so chosen that the sun is able to shine on it for tlie 
whole of each day. It should be flat, devoid of grass, stones, 
or anything which might att'ord shelter to fleas. Preferably 
it should be covered with a smooth layer of fine sand three 
inches deep. The surface temperature of the sand should be 
at least 120° F. to ensure the destruction of all fleas. One 
hour's exposure in such conditions is snflicient for the pur- 
pose of destruction. 

III. Eat Destruction 

1. Pat Poisons. — Poison, if intelligently used, can accom- 
plish much. The selection of a suitable poison is the most 
important consideration. The common poisons used are 
strychnine, arsenic, phosphorus, barium carbonate and red 
squill. Of these strychnine, arsenic and phosphorus should 
bo used with caution as they are poisonous to man and 
aoimals, Eed squill in the form of liquid extract is an ex- 
cellent rat poison and is harmless to human beings and do- 
mestic animals. It is generally used soaked in small pieces of 
bread. The most satisfactory of all poisons, and the cheapest 
is harhmi carhonate. As a rat poison it is cheap and taste- 
less, certain in its action and safe to handle. Poison baits 
are best made as follows : — 

One pound of powdered native barium carbonate is mixed 
thoroughly in an enamelled basin with three pounds of flour 
made from the grain which constitutes the staple food of the 
locality in which operations are to be carried out. Snflicient 
water is added to make the whole into a fairly firm paste. 
The resulting mass is sufticient for some 2,400 baits each 
containing three grains of poison, which are conveniently 
rolled into pill form. Clean hands and dishes are necessary 
to avoid imparting to the baits extraneous taste and odour 
which may diminish their attractiveness. 

If rat poisoning be carried out with careful attention to 
all these details, a notable degree of success will be achieved, 
with appreciable benefit when plague threatens. 

2. Tra 2 )ping . — To effect a considerable diminution in the 
rat population and to keep it at a low level by means of 
trafpping is a relatively expensive measure and one that 
requires careful and intelligent supervision. 

Many rat-traps on the market are defective in design and 
construction. Traps selected haphazard have very varying 
degrees of efiaciency, and observations have shown that the 
size of the trap, the size of the inlet, the strength of the trap, 
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the accuracy with which the flap fits the frame designed for 
its reception are all important points in determining the 
efficiency of the trap. Other things being equal, the larger 
the diameter of the inlet, the more satisfactory the trap. 

Traps should be oiled only sufliciently often to ensure 
freedom from rust. Frequent washing of the traps is not 
recommended ; rats are not attracted by cleanliness which 
appears to make them suspicious. Traps operated by a light 
counterpoised weight are more suitable than those worked 
by a spring. 

All traps should be set overniglit and collected early in 
the morning. All rats caught can be drowned or destroyed 
in some humane manner, their bodies being burnt. For 
systematic trapping a number of traps equal to 3 per cent, 
of the human population will be found sufficient. Frequent 
inspection of traps, with the rejection for rej^air of all found 
defective, is essential.* 

The circular No. 40 of the 8th August, 1931 issued from 
the Office International d’ Hygiene Publique laid down pro- 
cedures for deratisation of shii)s entering American Ports. 

All non-infected ships coming from foreign ports are 
required to possess a valid six-monthly deratisation or 
deratisation exemption certilicate. Otherwise they will 
have to undergo an inspection for rat infestation and if 
found infested to be fumigated, perferably when empty or 
with the least possible cargo on board, after which a de- 
ratisation exemption certilicate w ill be delivered to the ship. 

Any ship coming from foreign ports, which within the 
preceding 60 days touched a foreign port in which human or 
rat plague has been notitied during the preceding six months, 
and having tied up -at the quay or taken on cargo likely to 
attract or lodge rats, will be treated as rat infested unless 
it has a valid deratisation certificate dated subsequent to 
the call at the particular port. 

Apart from the measures already described for the elimina- 
tion of rats by having rat-proof godowns, fumigation of 
plague-suspect goods is also an important line of defence. 
The methods of fumigation of ships have already been dis- 
cussed {see page 493), but as a preventive for plague the 
ideal fumigant should possess the following qualities f 

(a) It should be toxic to rats and fleas. 

(b) It should be easily recognised by the senses in non- 
lethal concentrations, 

fc) It should have penetrative powers and should not 
corrode metals and should not injure fabrics. » 

id) It should be non-combustible and non-exi)losive. 

(c) It should not have any ill-effects on foodstuffs and 

* Suinmary of the preventive measures recommended by the Sani- 
tary Commissioner with the Government of India, 
t L. F. Hirst, Ftimigation of Plague-SMspect Imports, 
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should not be absorbed by them ; and should be rapid in 
action and low in cost. 

The following substances are used as fumigants, viz. 
sulphur dioxide {see page 483), chloropicrin (sec page 485), 
hydrocyanic acid {see page 487), carbon monoxide and car- 
bon dioxide, phosgene, ethylene oxide and carbon disulphide. 

Carbon monoxide and carbon dioxide gases are employed 
for fumigarion of ships in some Far Eastern ports and at 
Hamburg. But these are ineffective both as pulicides and 
bactericides and the possibility of the danger to human life 
from a high proportion of carbon monoxide collecting after 
fumigation in the compartments makes it less useful and 
dangerous. 

Phosgene is carbonyl chloride. It is easily decomposed 
in the warm damp climate of the tropics when it loses its 
efficacy ; it also attacks metals. 

Ethylene oxide has an adverse effect on the germination of 
seeds and is not recommended. 

Carlmi disnlphide is an effective fumigant for disinfesting 
grain from insects. But the vapour is inflammable and ex- 
plosive for large scale operations. 

It should be clearly understood that both fdmigation and 
rat proofing of premises should be regarded as complemen- 
tary to one another as preventive measures for plague. It 
will be at once apparent that to fumigate goods and then to 
store them in rat-ridden premises will nullify any good result 
by exposing the goods to fresh infection from an internal 
source. 

C. Anti-plague Inoculation {Haffkine). — The prophylactic 
use of vaccine is the most valuable method of personal pro- 
phylaxis. The bacilli are grown at 25-30° C. for two to six 
weeks in broth with a layer of ghee floating on the surface. 
This growth is killed by heat of 60° C. for one hour ; carbolic 
acid 0.5 p.c. is then added to kill any organisms which may 
have accidentally gained entrance. Scutze has pointed out 
that vaccine made from cultures grown at 25-30° C. is less 
potent as an immunising agent than one grown at 37° 0. The 
usual dose is 5 c.c. for an adult, and is injected into the 
outer part of the upper arm. The injection is followed by 
constitutional disturbance lasting for about twenty-four 
hours, and it makes the man unfit for work for two or three 
days. Haffkine^s original vaccine has been much improved 
by Lamb and Liston, and Taylor and Sokhey and does not 
produce so much severe and prolonged febrile and local 
reaction. The immunity is established in about ten days 
after the inoculation and lasts for about six months, and 
often longer. Inoculate early during an epidemic. When 
once a bottle containing the vaccine is opened it should 
be used up ; if any is left it should be rejected as after 
twenty-four hours it becomes unfit for use. The results of 
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inoculation as attested by the Indian Plague Commission 
have been distinctly satisfactory, for although absolute 
protection is not afforded, this method of treatment dimi- 
nishes not only the total number of attacks amongst the 
inoculated but also the percentage of mortality amongst 
those attacked. The conclusions of the Commission are : — 

(1) Inoculation is harmless. (2) When given in the in- 
cubative stage, i.e. before the signs of plague are apparent, 
it has in many cases the power of aborting the disease. (3) 
Inoculation affords to all those inoculated a strong protection 
against attack by plague. (4) In the few cases where inocu- 
lated people are attacked a very large proportion recover. 

Disinfection. — To disinfect a plague-infected room the 
floor should be thoroughly swilled with kerosene oil or its 
emulsion, or pesterine. Kerosene emulsion is made by boil- 
ing four cakes of sunlight soap in half a gallon of water and 
then adding 4 gallons of kerosene gradually. The fleas are 
found in the cracks and crevices in the floor. It is better to 
empty the room of all furniture ; and infected clothes, bed- 
ding, etc., should be either burnt or disinfected by steam. 
The walls up to 2 ft. or 3 ft. should also be treated with 
kerosene. About two pints of oil are required for every 
square yard, and a few ounces of the oil should be poured 
into each rat hole. In case of pneumonic plague the room 
should be fumigated with formaldehyde. 

Solution of perchloride of mercury or other chemicals is 
not of much value for disinfecting plague-infected rooms, 
whore attention is chiefly directed against the destruction of 
rat-fleas which harbour the bacilli. 

Pneumonic plague is most infectious as it spreads by in- 
halation. Attendants and nurses should always wear a mask 
when visiting patients. The best form of mask is a three- 
tailed gauze bandage with a pad of cotton-wool. This should 
always be destroyed after each exposure to infection. 

Diseases Conveyed by Ingestion 

Enteric Fever Group 

Enteric fever is widely distributed all over the world, 
particularly in India. 

Etiology. — The disease is caused by a specific micro-organ- 
ism called the Eberth-Gaffky bacillus. It is a short, thick, 
flagellated, motile bacillus with rounded ends. In the early 
stage of the disease the bacilli are circulating in the blood. 
They occur in the urine in 25 to 30 p.c. of cases and can be 
isolated from stools in practically all cases at some stage. 
They have been found in the milk of nursing mothers. 

The paratyphoid bacilli A, B and C resemble B. typhosus 
in their general morphological characters and staining reac- 
tions, but differ from it in biochemical and immunity reac- 

35 
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tions. Like B, typhosus they are non-lactose fermentors but 
produce acid and gas in glucose, mannite, maltose and dulcite. 
They cause a similar disease but are generally milder and are 
known as para A and B. Paratyphoid A is more common 
than para B. 

Mode of Infection.— The great source of danger lies in the. 
faeces and urine of the typhoid patients. The infection may 
be direct or indirect, 

(а) Directly it is communicated to the attendants from 
want of proper precautions in handling patients or their 
excreta. Infection sometimes clings to the bed of the 
typhoid patient, and successive patients seem to get the 
attack when occupying the same bed. Direct contagion 
plays but a small part in the production of epidemics, but is 
of value in causing localised outbreaks. 

(б) Indirectly it is communicated through water and food 
infection. Many widespread epidemics are traced to this 
cause. The water of tanks or wells, once polluted, will 
spread the disease. Typhoid is essentially a food-borne 
disease. Milk and other articles of food act as vehicles of 
infection by becoming contaminated either by carriers, flies, 
or infected water. Tanks and wells are often polluted by 
washing clothes infected with the excreta of typhoid 
patients and epidemics following the use of such infected 
water are common. A probable source of typhoid in Calcutta 
is the use of unfiltered water for domestic purposes. Cook- 
ing utensils, plates, cups, etc., are often washed with this 
water with the result that several cases occur in the same 
house. The bacilli undergo rapid development in milk with- 
out changing its appearance, and may exist for several 
months in sour milk and live for several days in butter 
prepared from infected milk. 

Soil plays some part in the spread of the disease in- 
directly through water, dust and flies (see page 143). 

Flies alternately visiting and feeding on infected fecal 
matter and on food are also a great source of danger. 

Typhoid bacilli can be discovered in the urine and stools 
of persons who have suffered from the disease for a consider- 
able time after recovery. These carriers are a great source 
of danger (see page 403). 

Season . — In temperate climates the disease is more 
prevalent in autumn and early winter. In India the disease 
is equally prevalent all the year round, and in Bengal it 
shows its maximum in the dry hot months. 

Age, Sex, etc . — Both sexes and all classes and races are 
equally affected. But those who are exppsed to infection 
do not always get the disease. Some families are more 
susceptible than others. It is said that one attack gives 
immunity, although two attacks within a year have also been 
recorded. Within a short time after recovery the immune 
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substances disappear from the blood, but the relative 
immunity lasts for a long time, frequently for life. 

Prevention. —The incidence of the disease diminishes 
with improved drainage and water-supply. The prevention 
implies (1) diagnosis of all cases and recognition of the 
carriers ; (2) destruction of the bacilli as they leave the 
patient. Therefore disinfection of the urine, stool, sputum 
and other articles contaminated by their excreta is of ut- 
most importance. Stools, urine and other discharges should 
be received in vessels containing strong disinfectants, and 
should either be deeply trenched or cremated along with 
soiled rags, etc. Soiled clothes should be placed in a strong 
solution of carbolic acid and then boiled. Eigid methods of 
cleanliness by attendants should be adhered to. 

It is almost impossible to lay down any rules for the 
management of carriers except isolation, cleanliness, dis- 
infection of stools and urine, and selection of employment 
which gives no opportunity of infecting other people. There 
is no safe and reliable method by which a carrier can be 
freed from infection. Urinary antiseptics, excision of the 
gall-bladder and autogenous vaccines have all been tried to 
solve the problem of chronic carriers. 

In all outbreaks the existence of the antecedent cases 
ought to be enquired into. The sanitary conditions should 
be carefully investigated, especially in relation to the house. 
The milk-supply requires thorough investigation, and this 
gives most trouble ; since one has to consider the possible 
risk not only during storage and distribution, but also the 
possibility of contamination from infected water. Individual 
prophylaxis depends upon boiling all water for drinking pur- 
poses, protecting all food from flies and dust, disinfecting 
the hands with strong antiseptic lotion after nursing, and 
paying special attention to the condition of the stomach and 
intestines. 

The results of inoculation and kitchen hygiene in the 
British army in India have yielded wonderful results. In- 
oculation, tracking down of the carriers, improved sanita- 
tion of the kitchen and control of flies and water-supply are 
measures calculated to eliminate the disease to a large 
extent. 

Protective Inoculation.— As a protective inoculation 
against typhoid fever a vaccine was first prepared by Wright 
who demonstrated that injection of killed typhoid cultures 
into healthy persons produced enhanced bactericidal power 
in the serum of such men. From observations made chiefly 
in the British and Indian armies it has been found that the 
immunity following this inoculation is maintained at a high 
level for about one year, after which it gradually diminishes. 
The initial dose consists of 0.5 c.c., the second of double the 
< 3 uantity is given after an interval of ten days. Owing 
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to the prevalence of paratyphoid fever the use of pure 
typhoid vaccine has been discarded and a mixed vaccine of 
typhoid and paratyphoid A and B has been substituted 
under the name of 1\A.B. vaccine, which contains B. typho- 
sus, 1000 millions; B. pciratyphosus A, 750 millions; B. 
paratyphosiis B, 750 millions in 1 c.c. 

There is generally some reaction after the first dose, 
which consists of a certain amount of febrile disturbance 
with headache and general aching. There may also be a 
slight local reaction with swelling of the glands, which lasts 
for a day or two. The experiences of the great European 
War testify to the high value of inoculation as a prophylactic 
beyond all doubt. According to Wright’s statistics the case 
incidence amongst the inoculated was only 2.25 per cent, 
with a mortality of 12 per cent., against 5.75 per cent., and 
21 per cent, respectively amongst the uninoculated. In the 
army in India this inoculation is repeated every second year. 

Dysentery 

Dysentery refers to a group of symptoms characterised 
by frequent small stools with mucus and blood, accompanied 
by spasm of the sphincter ani and griping.' It is very 
common in India and the extent of its morbidity and mor- 
tality will be evident from the fact that about 3,00,000 deaths 
from it occur annually in India. 

Two types are common, viz. (1) the bacillary dysentery 
due to Shiga or Flexner bacilli ; and (2) the amccfe/c, due to 
Entamoeba histolytica. Some cases show a mixed infection 
with both types. Besides these two principal types, Schisto- 
soma mansoniy Balantidium coliy Giardia {Lamblia) inte- 
stinalis also cause symptoms of dysentery, but they are not 
common in India. Of the different forms, the bacillary type 
is more common than the amoebic form, and of the bacillary 
type, infection with Flexner bacillus is more prevalent than 
with the Shiga strain. Amoebic dysentery is distributed in 
tropical and subtropical countries and is common in India, 
North and Central Africa, Southern United States and 
Southern America. Bacillary dysentery is common in both 
tropical and subtropical countries. 

The mode of infection in all forms is through the mouth by 
food and water contaminated with the excreta of patients 
suffering from the disease. Dust and fly play an important 
part in the dissemination of infection. The fly may also be 
the carrier of JS*. histolytica cysts which may be expelled with 
the stool unchanged and thus be conveyed to food. The 
cysts of Entamoeba histolytica survive outside the body for a 
long time in a cool moist place. The cyst wall is insoluble 
in the gastric juice but soluble in trypsin. It is possible 
that it passes through the stomach unchanged and becomes 
free either in the small or large intestine. Amoebic infection 
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occurs in all ages and sexes, although it is uncommon in very 
young children as compared with adults. 

Carriers . — Like typhoid carriers there are dysentery car- 
riers. Amoeba carriers pass cysts with their stools without 
showing any signs of the disease themselves and are ap- 
parently healthy but a source of great danger to the com- 
munity. As a rule they are persons who have suffered from 
amoebic dysentery or diarrhoea and have not been completely 
oured. The bacillary carriers on the other hand are persons 
who have a definite history of a previous attack of dysentery. 
Most of the carriers of this group pass Flexner bacilli, Shiga 
carriers being comparatively less. These carriers infect the 
food or the water. 

Prevention. — From what has been said regarding the 
transmission of the disease, prevention depends upon atten- 
tion to proper cleanliness. This applies to water, the house, 
the kitchen, and the latrines. Rigorous steps should be 
taken for the cleanliness of the kitchen and the stool of the 
cooks should be repeatedly examined to see that they are not 
carriers. Flies play an important part in the spread of the 
disease ; therefore food should be properly protected and the 
excreta of dysentery patients disposed of as quickly as pos- 
sible. The human carriers are more dangerous and difficult to 
trace and treat. Their presence in schools, boarding houses, 
jails and asylums is more dangerous, and should be traced 
and properly treated. 

Prophylactic vaccines against bacillary dysentery have 
been tried but the results so far obtained are not enough to 
give a definite opinion on their value. BUivaccine has also 
been used apparently with some success. The carrier of 
E. histolytica should* bo treated with emetine-bismuth-iodide 
or kurchi-bismuth-iodide. 

The cleanliness of the latrines, safe disposal of the night- 
soil, and avoidance of indiscriminate defiecation should be 
enforced. The passage of stools in the fields may be harm- 
less during the hot months when the direct sun’s rays will 
render any infective organism innocuous, but during the rains 
when the faeces are washed into the nearest tank, well, or 
other sources of water, this method of open air defaecation 
becomes positively dangerous. 

Cholera 

Cholera is an acute, infectious, epidemic disease char- 
acterised by profuse purging and vomiting of a colourless 
serous material, by muscular cramps, suppression of uriiJe, 
algidity, and collapse, the presence of a special bacterium in 
the intestine and a high mortality (Manson). 

It is endemic in certain river districts in India, e.g. 
Assam and the delta of the Ganges, and is principally a 
water-borne disease. It is sporadic in Calcutta and occurs 
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in the epidemic form at certain times. The total number of 
deaths in Calcutta in 1929 was 2,571. It occurred in the 
form of minor epidemics in Europe during the Balkan War 
of 1913, and in the course of the last European War, espe- 
cially in the Balkans and in Mesopotamia. 

India is considered to be one of the chief sources of the 
infection of cholera, but it is not certain that Lower Bengal 
and the valley of the Ganges are the only endemic centres. 
Other endemic centres are to be found in Central Asia, in 
certain parts of the Federated Malay States, in Java and the 
Dutch East India, Indo-China, Philippines and probably 
Southern China. 

Mecca plays an important part in the spread of cholera 
through Western Asia, North Africa and Europe. 

Etiology. — The following are the conditions necessary 
for a widespread epidemic of cholera : — 

1. The presence of the microbe. 

2. A suitable medium and temperature for its growth 
outside the body. 

3. Means of transport. 

4. Susceptibility to the infection. 

1. Koch in 1883 discovered in Egypt the comma bacillus 
supposed to be the cause of cholera. In 1884 he came to 
Calcutta and found the same bacillus in the stools of all the 
cholera patients then examined. It is a short, motile or- 
ganism about half the length and twice the thickness of the 
tubercle bacillus. It is slightly curved like a comma. The 
bacillus is very delicate, being quickly killed by drying and 
by 0.02-0.05 p.c. hydrochloric acid, i,e. in the normal gastric 
juice. It grows in an alkaline medium at a temperature 
from 30® to 40® C. Its growth is arrested below 16® or above 
42® C., and a temperature over 55® C. kills the bacillus. It 
is aerobic but is nevertheless capable of growing to some 
extent in the absence of oxygen. The primary source of the 
infection outside the regions where cholera is endemic is the 
intestinal discharges of persons suffering from, or who have 
recently suffered from, the disease. The bacillus has been 
detected in vomited matters, and its presence in the vomit 
is to be accounted for by the contents of the intestines 
finding their way into the stomach. The comma bacillus 
has not been recovered from the blood during life, although 
Greig found it widely distributed in the different organs 
after death. He believes that the germ is distributed by 
the lymphatic system. It has been found in the gall- 
bladder and in the stools of convalescents after recovery. 

2. It is essential that the cholera vibrio should find 
some suitable medium outside the body for its growth. 
Such media are: (a) soil polluted with organic matter, 
especially excreta ; (h) sewage-polluted water ; (c) milk and 
other food. Greig has found that cholera germs are very 
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non-resistant and die within about four days if kept in a 
dark room. 

A suitable temperature is also necessary for its growth; 
warmth and moisture being important predisposing factors. 
On the other hand cold does not necessarily arrest an epi- 
demic, as is evidenced by the various outbreaks in the Punjab 
where the temperature often comes down to zero. Ei)idemics 
generally occur in the late summer and autumn, and subside 
with the advent of winter, to apx)ear again in the next sum- 
mer. The maximum periods of epidemic cholera incidence 
in Bengal are April, May and November, and in the Punjab 
at the height of the rains. 

3. Transport.— Cholera is spread by man from place to 
place and the vibrios must enter the digestive tract through 
the mouth and as such they generally enter the digestive 
tract through the medium of food and drink. Water in- 
fected with the specific organism is the common medium of 
infection and is probably the most important factor in the 
spread of epidemics. The principal means by which the 
bacilli are carried about are : — 

(a) Human Intercourse . — It is well-known that cholera is 
disseminated by human intercourse, and follows the lines of 
communication by river, road, rail, or ship. Kabul, for in- 
stance, has always received the infection from India and has 
been the centre from which it has advanced westwards. In 
six of the x)andemics cholera has followed the land route 
through Afghanisthan and Persia and then through the 
Caucasus to Eussia and Western Europe. In other instances 
it has been carried via the Eed Sea more or less directly to 
Egypt. Although man is invariably responsible for intro- 
ducing the disease to any place, its spread depends entirely 
on the insanitary conditions, the primary cause being the 
liability of the drinking water to be polluted by the infected 
excreta. Although it travels along the trade routes, it never 
advances far unless along its path there are places where the 
sanitary conditions are such as will help the disease to take 
root and start upon its course afresh. The spread is greatly 
facilitated by the gathering of travellers at pilgrim centres, 
fairs and religious festivals, e.g, Kumbh mela at Allahabad, 
car festival at Puri, etc. (See Fairs and Melas). 

(h) Rivers . — A polluted river may carry infection for very 
considerable distances to towns situated on its banks. The 
infection is usually carried up the big rivers by boatmen. 

(c) Carriers . — It is doubtful whether healthy contacts har- 
bour the cholera vibrios and act as carriers. In the majority 
of cases the bacilli disappear from the stools within a week 
after recovery ; although cases are on record where cholera 
patients passed the vibrios for more than ten days and even 
up to 3 to 4 weeks after an attack. It is generally held that 
the cholera vibrios show definite reaction to standard cholera 
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anti-serum. The non-agglutinating types do not cause 
epidemics. Drs. Tomb and Maitra have shown that the 
disease is perpetuated by constant pollution of tanks by 
persons excreting the organisms though not actually suffering 
from the disease. D’Herelle and his co-workers however 
think that true cholera is spread only by the sufferers and 
not by so-called ‘carriers.^ 

(d) Drinking Water . — Cholera vibrio may live and even 
multiply in water and will preserve its vitality in a well 
or tank for several weeks. When the bacillus finds its way 
into the general water-supply of a locality the disease be- 
comes widely diffused. This is very common in villages 
where there is no proper water-supply, and when the tank 
or well becomes infected. Tanks are usually contaminated 
by washing soiled clothes and other infected articles in them. 
This is shown by the fact that the spread of cholera has 
decreased by the introduction of a pure water-supply. 

(e) Milk, etc . — Milk is not only a vehicle for diffusion of 
the bacillus but also a medium for growth. Many widespread 
epidemics may be traced to milk infection. This generally 
happens when milk is adulterated with infected water from 
a tank or a well, or the milk cans have been washed with 
polluted water. Milk kept unprotected often get polluted 
through flies or infected hands. 

if) Insects play an important part in the spread of the 
disease mechanically, by settling on articles of food after 
having been in contact with infected materials. The com- 
mon house-fly acts as an active agent, and it has been shown 
that the germs are capable of living for at least fourteen 
days in the fly. 

4. Individual susceptibility counts for much in the 
matter of infection. Chronic alcoholism by causing gastro- 
intestinal catarrh predisposes to cholera. 

Incidence of Cholera . — Cholera is in some respects a sea- 
sonal disease. According to Eogers absolute humidity is an 
important factor in the incidence of the disease. In Assam, 
Lower Bengal and Madras the seasonal incidence is different 
from other parts of India. It increases in October to 
December in these provinces owing to the absolute humidity 
remaining above 0.400 during those months, and falls in 
January and February when the absolute humidity is 
nearly down to 0.400. It increases again from Assam to the 
east of the United Provinces in March, in the west of the 
United Provinces in April, and in the Punjab in May with 
thb corresponding rise of the absolute humidity over 0.400. 
During the humid monsoon periods it remains prevalent all 
over India, except flooded Bengal and Assam, and falls with 
the fall of the absolute humidity. In Batavia, Flu has 
pointed out that heavy rains do not cause cholera to be 
epidemic, while a single heavy shower is liable to bring on 
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an epidemic outbreak. Heavy rain flushes out the rivers 
and streams, helps the growth of soil bacteria which kill the 
<jholera organisms, and reduces the breeding of flies. 

Prevention. — Iflie prophylactic measures may be con- 
sidered under the following heads : — 

I. Personal Prophylaxis 

1. Correct any tendency to dyspepsia and derangement 
of the stomach as the normal gastric juice is deflcient and 
the stomach is full of alkaline mucus in these conditions. 
In man digestive disturbances are often an important pre- 
disposing cause of an attack. 

2. Promote the secretion of the gastric juice by keeping 
the stomach always full, an acid medium being hostile to 
the life and growth of the cholera germs. 

3. Avoid foods that may cause indigestion. Unripe or 
over-ripe fruits, shelltish, or foods in a state of decomposi- 
tion should be avoided. 

4. Avoid any food or drink while travelling by railway. 
Dold dishes, ice puddings, ice creams, etc., sliould bo rejected 
and everything taken hot. 

5. Avoid bazar-made aerated waters. Freshly manu- 
flictured soda water should not be taken, and three or four 
days must be allowed for the carbonic acid to exert its 
destroying action on the comma bacillus. 

G. Water for drinking purposes and for washing dishes, 
^tc., should as a rule bo boiled. Filters are not to be relied 
upon. Weak tea, lemon juice, dahi or butter-milk, cocoanut 
water, can be used with impunity. 

7. Hiarrhoea during an epidemic should be promptly 
stopped as the cholera organisms are hurried out of the 
stomach before the acid secretion can act on them. For the 
same reason purgatives should be avoided. 

AfiU-cholera InocnUition . — The prophylactic anti-cholera 
vaccine contains 8000 millions killed vibrios per c.c. Of this 
0.5 c.c. is given as the tirst dose and 1 c.c. as the second dose 
n; week later. For mass treatment a single full dose is given 
without much reaction. The protection conferred lasts for 
about six months, but this period is sufficient to help the 
inoculated person to tide over an existing epidemic. To get 
the best results the vaccine should be fresh, not more than 3 
to 6 months old. The local reaction is as a rule mild. 
There may be oedema and a painful infiltration at the 
site of the injection, rarely followed by any systemic dis- 
turbances. Rogers* recorded a table showing about 150,000 
inoculated in five outbreaks with a reduction of 92 to 99 p.c. 
as compared with about 150,000 uninoculated. The relative 
freedom of Java from cholera is ascribed in great measure 
to the large number of inoculation performed among the 


*Bowel Diseases in the Tropics. 
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civil population of infected or threatened areas during the 
epidemic manifestation of the disease. Thus there were 
15,222 cases of cholera in Java during 1918, and 12,184 
cases during 1919 ; but following upon an intensive inocula- 
tion the disease almost disappeared. There were 54, 17 
and 52 cases in 1920, 1921 and 1922 respectively with only 
one death in 1921. In 1912, 8000 Europeans were inoculated 
in Batavia and there was only one death as against 15 
deaths amongst 2700 uninoculated. Subsequent experience 
obtained during the last Balkan and the European War 
placed inoculation on a firmer basis. Bussell by carefully 
controlled experiments in Madras proved statistically the 
value of anti-cholera inoculation, and showed that the im- 
munity developed after five days. 

Cholera vibrios produce both a soluble exotoxin and an 
endotoxin. Two kinds of toxin, viz. a soluble thermolabile 
substance of a colloidal nature, and a thermolabile endotoxin 
are formed. The former is antigenic and is neutralised by 
an antitoxin serum, while the latter is not neutralised by 
the antitoxin serum, which is found in much smaller quantity 
and which is one-fifth less toxic. Antitoxic sera have been 
prepared in Eussia, Paris and India. Serum obtained from 
convalescent patients have been tried in India but it is too 
early to give any definite opinion on its value as a curative 
agent.* 

Bilivaccine . — It is claimed that this when taken by the 
mouth confers immunity against cholera lasting for about 
one year. The treatment is taken for three days and consists 
of one pill of vegetable bile to be taken on an empty stomach 
to be followed a quarter of an hour later by one tablet of 
vaccine. The vaccine tablet consists of 50 mg. killed or 
desiccated cholera vibrios representing from 00 to 70 billions 
of microbes. Its value has been well spoken of and may be 
tried when inoculation is not possible. 

Anti-cholera Mixture. — Dr. Tomb of the Asansol Mines 
Board of Health, Bengal, advocated the use of a mixture of 
essential oils, both for the prevention and cure of cholera. 
It consists of— Spt. etheris, 30 ms.; oil of cloves, oil of 
cajuput, oil of juniper, each 5 ms.; acid, sulph. aromat., 15 
ms. Dose, 1 dr. in half an ounce of water, every half hour ; 
total average dose being 8 to 10 drs. For contacts, 1 dr. in 
water once or twice daily as long as risk of infection exists. 
This mixture has given good results in the hands of Dr. 
Tomb. 

•^II. General Prophylaxis. — This may be discussed under 
the following heads: — 

1. Notification . — Early notification is of the utmost im- 
portance. In Calcutta this is obligatory by law. In villages^ 

*H. Ghosh, British Medical Journal, January, 12, 1935. 
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the village Chaukidars are ordered to report cases of cholera 
to the local police who has to report daily to the Health 
Officer, or the Civil Surgeon, during an epidemic. Early 
notification helps the adoption of immediate steps against 
the disease before it has time to spread. But to be success- 
ful every step should be taken as early as possible. For 
this purpose, quicklime, posters, etc., should be kept in each 
Union Board, and the Chaukidars and Dufifadars trained in 
their use. Cholera prevention centres should be established 
at convenient places where supplies of cholera vaccines and 
chemicals required for sterilising water and disinfecting 
clothes, excreta, etc., should be kept. 

2. Isolation of Cholera Cases. — The isolation of the sick 
and segregation of the contacts are possible only in towns. 
But in villages all that can be done is to instruct the inmates 
of the infected houses not to mix with other villagers and 
at the same time to warn the villagers not to visit the 
infected houses, or to take water from the same source. 

3. Sterilising Water. — Although cholera germs may be 
carried by means of flies from infected excreta to food, or 
more directly by the handling of food by human carriers, 
thus giving rise to sporadic cases of the disease, the fact 
still remains that in the vast majority of instances explosive 
outbreaks of cholera are almost always due to the use of 
infected water. Water, polluted by the excreta of cholera 
patients or carriers, is the chief factor in the spread of epi- 
demic cholera, and that when the necessity arises for pre- 
venting or controlling the spread of such epidemics, the 
measures called for are primarily those aimed at the x)i’otec- 
tion of all water-supplies from contamination, and the imme- 
diate disinfection of those supplies which are believed to 
have been exposed to risk of pollution. A supply of pure 
water and prevention of its pollution is of primary im- 
portance whenever there is any suspicion of cholera. 

The following different methods may be adopted for puri- 
fying drinking water for the prevention of cholera, vi ^.: — 

(a) Chlorination. 

(h) Permanganate of Potash. 

(c) Boiling. 

(d) Keservation of Tanks. 

(a) Chlorination.— Dmnfeetion of the tank or the well is 
the first and primary duty of the health authorities and this 
should be done thoroughly. In bleaching powder or chlorinated 
lime and solutions of the hypochlorites, we possess agents 
of extraordinary efficacy for the disinfection of water ^see 
page 42). Experience in the recent war has conclusively 
proved the special value of systematic chlorination of water- 
supplies as a practical measure of prevention against cholera 
and other water-borne diseases. Chlorion, electrolytic chlo- 
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rincy chlorogen are the preparations generally used for 
household purposes. 

{h) Permanganate of Potash. — This has already been 
discussed on page 41. It should be however noted that 
d’Herelle is not a believer in the use of permanganate for the 
disinfection of water during cholera epidemics. He holds 
that to be of any use the water becomes undrinkable for 
several days and the process interferes in the dissemination 
of bacteriophage, which according to him has a controlling 
effect in epidemics {see page 470). 

(c) Boiling. — By this simple method the infected water 
may be purified most easily and efficiently. Since it is not 
possible to boil water for the whole community, individual 
house holders will have to remove the chief source of danger 
of cholera infection by this simple procedure. 

(d) Reservation of Tanks. — The cholera organism is very 
easily destroyed. Thus the water of an infected tank will 
purify itself and become safe for use if it is exposed to air 
and sunlight for a few days. The use of a tank, suspected 
of being infected with cholera, should be rigidly forbidden 
for a detinite period. In dry weather three to four days are 
enough, while on wet or cloudy days seven to eight days are 
necessary. Tanks that are not overshadowed with trees and 
vegetation will purify themselves most rapidly. Natural puri- 
lication is very slow in wells and should not be relied upon. 
Although reservation will destroy cholera organisms, in case 
of epidemics one should not depend upon this method but 
should disinfect the tank with bleaching powder as quickly 
as possible. 

4. Protection of Food. — This is of utmost importance 
specially during an epidemic. Food should be well cooked 
and properly protected from flies, dust, etc. Uncooked 
food should be avoided, and no one should be allowed to 
handle food without thoroughly washing and disinfecting 
the hands. This should apply more particularly to servants 
and cooks. Special attention should be paid to the cleanliness 
of cooking utensils, plates, cups, etc. Bazar food should be 
avoided. 

The following additional precautionary measures should 
be adopted for the safety of the community at large : — 

1. All sources of water-supply should be protected and 
all infected tanks and wells should be placed under guards 
for at least a week and no one should be allowed to use the 
water under any circumstances. 

• 2. Persons from infected houses should not bo allowed 
to dip their buckets into an uninfected well or tank, and 
should not be allowed even in their vicinity. 

3. While arranging to secure efficient treatment for 
actual cases, the greatest emphasis should be laid on prevent- 
ing the spread of infection. 



CHOLERA 


557 


4. Arrangements for drawing water should be made 
through a man especially appointed for this purpose. 

5. Particular attention should be paid to the cleanliness 
of the cook and of the cook-house. 

6. All privies and drains should be daily disinfected. 

Cholera is one of the diseases included in the Inter- 
national Sanitary Convention (see page 464). The Conven- 
tion provides for the telegraphic notification to all contract- 
ing parties and to the Office International d’llygiene 
Publique, of the first recognised case occurring in the terri- 
tory of any Government concerned, or of the first recognised 
case of the disease that occurs outside the limits of local 
areas already effected, together with an account of the 
measures taken! 

Disinfection. — This is of utmost importance and must be 
complete and thorough. It includes the disinfection of the 
discharges, the excreta, the room, the clothing, the utensils, 
e.g. cups, plates, etc. For a detailed description see pages 
490-495. 

Bacteriophage in the Treatment and Prevention of 
Cholera. — The nature of bacteriophage and the underlying 
principle of its use in the treatment and prevention of 
certain epidemic diseases have already been discussed (see 
page 471). Although much work has recently been done by 
d’Herelle, Morison and others in India on the use of phage 
in the treatment and prevention of cholera no definite con- 
clusions have yet been reached on its value. If a person is 
attacked with cholera, dTIerelle holds that his recovery is 
impossible unless he develops the bacteriophage for cholera 
in the intestines. Simple though it is in theory it has been 
found equally difficult in practice. However, phage has been 
given to patients attacked with cholera and also as a preven- 
tive by applying it to different water-supplies and giving it 
orally to contacts. The idea of giving x)hage to patients is 
to breakdown the cholera vibrios in the intestinal canal. 
But the results so far obtained have not been convincing. 
On the other hand its use as a prophylactic has given differ- 
ent results, and the whole matter from the public health 
point of view may be held to be still suhjtidice. 

The methods of employing it are as follows : — * 

(a) For treatment phage is administered by mouth in 
2 c.c. doses three or four times a day on an empty stomach, 
followed by a glass of water. As much as 20 c.c. can be 
given in twenty-four hours in severe cases. If there is 
improvement phage is given on the next and subsequent 
days till the patient recovers. During the administration 

* Phage is supplied in sealed ampoules. Ampoules showing tur- 
bidity should be rejected. The contents of an ampoule should be used 
immediately it is opened and on no account should be kept for future 
use. 
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of phage it is necessary to withhold other remedies such as 
dilute acids, essential oil mixtures and intestinal anti- 
septics. These are supposed to destroy the phage and 
prevent its efficient working. 

(6) For prophylaxis of contacts and others phage is given 
orally in 2 c.c. doses in the same way as it is given to 
patients. It is not given daily but only once or twice a week 
during the prevalence of an epidemic. Morison’s method of 
giving phage as a prophylactic is based on the belief that 
phage can convert an infective vibrio into a non-infective one. 
He therefore administers phage to the first cases of cholera 
or severe diarrhoea and dysentery occurring in villages.* 
It is also used for sterilising unprotected drinking water- 
supplies. In the case of wells, the quantity of water is first 
estimated and then 1 c.c. of phage is added for every 100 
gallons of water removed from the wells. In the case of 
water from rivers, tanks and tube wells used for drinking 
purposes and stored in houses, phage is added daily to the 
water, 1 c.c. being added for all quantities below 100 
gallons stored. 

Anti-cholera Propaganda.— This is likely to be very 
effective during an epidemic. The people should be taught 
the principles underlying cholera infection, how the disease 
spreads, and the method of its prevention. The importance 
of protecting themselves by inoculation and the value of 
preventing the water-supplies from pollution by human 
excreta should be forcibly brought home to them. It should 
be explained to them how to purify the water, and still 
more how boiling the water will help protection. The im- 
portance of disinfecting the floor, clothing and utensils, and 
the use of soap and water for cleansing the hands must be 
insisted on. In this educational work the use of posters and 
leaflets is of great advantage. Under certain conditions 
popular lectures, illustrated by magic lantern slides, are 
likely to be helpful, and full use should be made of every 
opportunity to employ them. 

Weil's Disease (Leptospirosis) 

Infectious Jaundice, Spirochetal Jaundice 

It is an infectious disease characterised by high fever, 
often jaundice and enlarged liver and sometimes enlarged 
spleen ; the causal organism being Leptospira icterohcemor- 
rhc.gice. 

Distribution. — It is common in Japan amongst the 
miners, and is known to exist in Egypt, on the shores of 
the Mediterranean and the North African Coast. Outbreaks 

• Morison : The use of Bacteriophage for the Prevention of Cholera, 
Indian Journal of Medical Researcn, March 1934. 
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occurred during the last Great War in Gallipoli and Salonica. 
Its occurrence in recent times has been reported from the 
Andaman islands, the Malay States, Queensland and Scotland. 
The Bulletin of the Office International d’llygiene Publique 
(October, 1934) reported its prevalence in Japan, United 
States, France, Germany and Sweden. Its association with 
water workers in Holland and wetness of the mines has been 
proved. Those working in rat infested areas like refuse 
dumps, piggeries, breAveries and sewers are largely affected. 
Kecently the outbreak of the disease among persons employed 
in the handling and cleaning of lish in Scotland and amongst 
cane cutters in sugar-cane areas of Ingham (Queensland) has 
been described.* 

In Japan it occurs during the months of September to 
November, while in Europe it occurs during the summer. 

Etiology. — The organism responsible is a spirochsete, 
Leptospira icterohcemorrhagice, found as a harmless parasite 
in the kidneys of rats, Rattiis ratUis and R. norvegictis, and is 
found in the urine and freces. Mice, rabbits and other rodents 
may also be infected. Its presence has not been demonstrated 
in the blood. Infection takes place either by inoculation, 
the portal of entry being through abrasion, or through 
contaminated food. Bathing in infected water gave rise to 
epidemics. Infection of water or food takes place through 
contact with contaminated rats. 

Prevention.— This consists mainly of protection of food 
and water. Infected stools and urine should be made harm- 
less by proper disinfection or disposal. Efforts should be 
made to eliminate the rat population. A vaccine prepared 
from the killed cultures has been used with much success as 
a preventive in Japan and other places. Taylor and Goyle 
recommended in the Andaman islands the treatment of 
infected water by calcium cyanide. The spirocheetes cannot 
live in acid water and the use of acids has also been recom- 
mended. 

The following preventive measures have been advocated 
by the Public Health Commissioner, Ingham (Queensland), 
where several cases have occurred amongst the cane cutters 
in the sugar-cane areas : — t 

‘‘1. Avoid eating food in the fields unless the hands are 
thoroughly cleaned previously. 

2. Avoid drinking water in the fields unless it has been 
boiled. 

3. Avoid rolling and smoking cigarettes in the field. 

4. Avoid using water lying in the field for washing haiMs 
and face ; such water is liable to be infected. 

5. Avoid walking through or in wet places. 

6. Feet should be protected by wearing boots. 

• British Medical Journal^ December, 22, 1934. 

t J. Grahame Drew, British Medical Journal, Dec. 22, 1934. 
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7. All cuts and abrasions should be washed immediatelj 
in a perchloride of mercury solution (i in 1000). 

8. All cuts and abrasions, after the above preliminary^ 
treatment, should be covered with adhesive plaster or other 
suitable covering. 

9. All food in barracks and elsewhere must always be 
protected from rats/^ 

The fact that the disease occurs amongst coal miners,, 
bargemen, sewer workers, lish workers and cane cutters,^ 
indicates the necessity for regarding it from the standpoint 
of occupational disease. 

Diseases Conveyed by Droplet Infection 
Diphtheria 

Diphtheria is an infectious disease, usually of the mucous 
membrane of the throat and characterised by local fibrinous 
exudate, transmissible from the sick to the healthy — the 
cause being a micro-organism (Klebs-Loeffter bacillus). The 
constitutional symptoms are due to toxins produced at the 
site of the lesion. 

Etiology. — Diphtheria is a widely spread affection, and 
like most infectious diseases is prevalent only in certain 
seasons. The influence of soil and rainfall upon the pre- 
valence of this disease has led to much discussion and 
debate. 

Epidemics usually commence with the advent of the cold 
weather, and the maximum death rate is reached in November 
and December. It is common in the hills during the rains. 

It is believed that sore throat or some damage to the 
mucous membrane of the throat like catarrh, measles, scarlet 
fever, etc., predisposes to attacks of diphtheria ; but some 
people are specially susceptible to it. 

Although no age is exempt, it is generally believed that 
the disease is commonest in children, specially between the 
ages of 3 to 5 years. Out of 3000 cases recorded by Rolleston 
less than 1 p.c. were under one year. It becomes less fre- 
quent with the approach of adult life and is rare in old age. 

Schick has shown that the presence or absence of im- 
munity against diphtheria can be ascertained by a special test 
known as the “Schick Reaction.’' This is done by injecting 
intradermally on the front of the forearm ^^jth of the mini- 
mum lethal dose of diphtheria toxin for a guinea pig weigh- 
ing 250 grms. in 0.1 c.c. or 0.2 c.c. of normal saline (Schick 
Test Toxin). 0*2 mil (3 ms.) contains the test dose. A control 
test is made on the opposite arm with “Schick Control” 
which is Schick Test Toxin heated to 75° C. for not less than 
five minutes to destroy all the toxin. A positive reaction 
indicates that the individual is susceptible to diphtheria, i.e. 
there is no antitoxin in the circulating blood, and this ia 
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shown by the appearance within 24 to 48 hours of a circum- 
scribed area of redness which reaches its height on the 4th 
day. A negative reaction indicates that the subject is im- 
mune to diphtheria, i.e. there is an appreciable amount of 
antitoxin in the blood (1/50 unit per c. cm.) to neutralise the 
toxin and is shown by the absence of reaction in either arm. 
A pseudo-reaction is characterised by the rapid development 
within 24 hours of a red flush, equally marked in both arms. 
It is due to hyper-sensitiveness of the person to protein 
present in the toxin injected. It is less circumscribed than 
the positive reaction and disappears by the fourth day. 

Mode of Spread. — The most common mode of spread is by 
personal communication, chiefly through the carriers^ whether 
sick or healthy. In the majority of cases the disease is 
spread by droplet infection, the bacilli being expelled from 
the mouth and nose by coughing, sneezing, spitting or even 
by speaking. It may also be transmitted by discharges from 
the middle ear or from wounds which are the seat of diph- 
therial infection. Milk may become infected and give rise 
to epidemics and a number of cases have been traced to 
consumption of milk {see page 231). The so-called diphtheri- 
tic affections of pigeons, poultry, and calves are as a rule 
diseases quite distinct from human diphtheria, and are not 
communicable to man. 

The incnhat ion period is short and varies from a few hours 
to flve days. 

The diphtheria bacillus is a relatively hardy bacterium, 
and its virulence is not affected by drying or cold, but sunlight 
has a deleterious effect. Objects, contaminated by the patient 
such as toys, clothes and bedding, may remain contagious 
for a long period, specially if they have been kept in the 
dark. Dudley has shown that the use of pens, pencils, and 
slates by the scholars in common may be responsible for out- 
breaks. 

One attack gives no protection against a second one. 
The period of infectiveness has been variously estimated ; so 
long as the bacilli are present in the throat infection must 
be possible, and the length of time for which they may 
occasionally persist is remarkable. They may disappear 
wi ^bh^diliree dav s of the disappearance of the membrane, or 
may last for as long threk we eks. Hewlett mentions a 
case where it persisted for no less than fifteen mont hs after 
the attack. It is not safe to allow convalescents to mix with 
healthy children until after the disappearance of the baciyi 
from the throat, and this point can only be definitely 
ascertained by bacteriological examination of smears from 
the throat. 

Prevention.— This is best described under the following 
heads, viz , — 

1. Isolation and Disinfection. 

36 
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2. Production of Artificial Immunity. 

1. Isolation and Disinfection.— Prior to the introduc- 
tion of antitoxin these were the only methods in use for the 
prevention of the disease. The patient may be isolated 
either in a hospital or in a large well-ventilated room in a 
private house. The period during which the patient requires 
to be isolated should be determined by clinical considera- 
tions. In the absence of any discharges from the nose and 
ears or sequelm in the form of albuminuria or paralysis, the 
patient who has had a mild attack may be set at liberty at 
the end of a month. In cases of any severity the period of 
detention should be prolonged to at least six weeks, most 
of which should be spent in bed. 

Disinfection as carried out, viz. spraying of the infected 
room with formalin, and steam disinfection of the infected 
bed and clothing, has very little effect in the prevention of 
the spread of the disease. Disinfection of the carriers is a 
matter of considerable difficulty. Numerous local applica- 
tions have been recommended, but their action is uncertain. 
The persistence of the carrier state is usually due to some 
local infection, e.g. chronically inflamed tonsils, adenoids, or 
affection of the nasal sinuses. 

2. Production of Artificial Immunity.— (a) Passive 
Immunisation . — Diphtheria antitoxin has been employed 
for the purpose of conferring immunity in persons exposed 
to diphtheria. This prophylactic inoculation becomes efficient 
after 21 hours and remains so for about 3 weeks. The usual 
dose of the antitoxin is 500 units irrespective of the age. 
There are however certain drawbacks to passive immunisa- 
tion, viz. (a) the protection does not last for more than 3 to I 
weeks ; (b) it renders the patient hypersensitive, i.e. he may 
develop anaphylaxis if a therapeutic dose of serum for any 
disease is given within the course of the next few years ; (c) 
it interferes with the process of active immunisation by 
toxin-antitoxin. 

(b) Active Immunisation . — A more durable and possibly 
permanent immunity is conferred by a standardized mixture 
of toxin and antitoxin. This is specially indicated for nurses, 
schools, hospitals, orphanages, etc., after a preliminary Schick 
test. It takes 6 weeks or longer to develop immunity. The 
method consists in giving subcutaneous injections of a mixture 
of toxin and antitoxin at one week^s interval. The usual 
dose is 1 c.c. For a child under one year the dose is 0.5 c.c. 
The injection of toxin-antitoxin mixture was followed by 
untoward effects, some due to contamination with staphy- 
lococci, but others from free toxin contained in the mixture. 
Therefore the mixture which contains free toxin is not used 
now as it is possible to use a toxin which has been so 
modified that while retaining the activity as an immunising 
agent it has no toxic properties. 
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Before giving these injections a test for hypersensitive- 
ness should be carried out by intradermal injection of 0.02 
c.c. of formol toxoid. If a wheal arises the i^erson is super- 
sensitive and the use of formol toxoid is contra-indicated. 
This is known as Moloney Test, 

The following different forms of diphtheria prophylactics 
are now available : — 

1. Toxin- antitoxin mixture, prepared by adding diph- 
theria antitoxin to the filtrate. Owing to the objections 
just mentioned this mixture is not so much used nowadays. 

2. Formol Toxoid or anatoxin, prepared by treating the 
filtrate with formaldehyde so that the toxin is completely 
^^toxoided.” Its use is followed by somewhat greater local 
reaction than there is with toxin-antitoxin mixtures or with 
the toxin-antitoxin floccules. But this is not so . severe as 
to militate against its use. Two doses of 0*5 c.c. at one 
week’s interval is given. 

3. Toxoid-antitoxin mixture, prepared by treating the 
filtrate with formaldehyde, and adding a small quantity of 
diphtheria antitoxin. It is free from the local rea(?ETon 
produced by anatoxin. 

4. Toxin- antitoxin floccules, prepared by adding diph- 
theria antitoxin to the filtrate in the proportion necessary 
to produce a suitable flocculation, separating the floccules, 
and washing and suspending in normal salt solution. When 
injected it provokes formation of antitoxin duo possibly to 
slow dissociation of the floccules into their constituent parts. 
It causes no inflammation at the site of injection. It has 
however no advantage over the next, and the use of active 
toxin in its preparation makes it less suitable for human 
immunisation. 

5. Toxoid-antitoxin floccules, prepared by treating the 
filtrate with formaldehyde, adding diphtheria antitoxin in 
the proportion necessary to produce a suitable flocculation^ 
separating the floccules, and washing and suspending them 
in normal salt solution. This is absolutely safe for immunisa- 
tion of children. The immunity following the injection of 
floccules comes on rapidly. The floccules give practically no 
reaction. Dose, same as Formol Toxoid. 

6. Toxoid precipitated by alum, prepared by precipitat- 
ing and washing free from all non-specific material by the 
addition of 1 p.c. potash alum. Alum increases the efficacy 
of the toxoid as an immunising agent and gives rise to few 
reactions, and when a single dose is injected into children 
of various ages, the results are comparable to those obtained 
by multiple doses of ordinary toxoids.* 

When once diphtheria has broken out in a community, 
such as schools, hospitals, boarding houses, orphanages, etc., 
the whole population of the institution should be Schick- 
* Annals of Inst, Of Pasteur, V. 193G. 
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tested and the following procedure advocated by Okell, 
Eagleton and O^Brien should be followed : ^^(1) Schick-nega- 
tive reactors are not usually susceptible to diphtheria ; (2) 
Schick-positive reactors are susceptible to diphtheria ; (3) 
Schick-positive reactors never harbour virulent bacilli detec- 
table by ordinary sub-culture methods unless they are suffer- 
ing from or incubating diphtheria ; (4) carriers of virulent 
bacilli are immune and are always necfative ScJnck-reactors ; 
(5) ‘avirulent’ bacilli do not cause diphtheria, and therefore 
^avirulent carriers’ are of no importance to the public health 
authority ; (6) one efficient swabbing of a population gives a 
sufficient working knowledge of the location of infection — i.e. 
all ‘profuse’ and therefore dangerous, carriers will be 
detected.” 

On the results of swabs and of virulence tests the cases 
may be classified as follows : — 

A. Schick positive, swab negative. 

B. Schick positive, swab x>ositive, bacilli avirulent. 

C. Schick positive, swab positive, bacilli virulent. 

D. Schick negative, swab negative^ 

E. Schick negative, swab positive, bacilli avirulent. 

F. Schick negative, swab positive, bacilli virulent. 

A and B are harmless but susceptible and should be sepa- 
rated from dangerous carriers. Class C are uncommon, and 
will develop signs and symptoms soon but should be watched 
and treated with antitoxin. 

D, E, and F are isolated from the first. D are harmless 
and immune. E are of the same class. F are dangerous 
carriers and should be kept apart from all susceptibles from 
the start. 

Other preventive measures to be adopted are the same as 
those described under small-pox. Particular attention should 
be paid to the discharges from the nose and throat. 

Small-pox 

Small-pox or variola is a contagious specific fever, attend- 
ed on the third day of illness by characteristic eruption of 
the skin, first papular and ultimately pustular. 

Alastrim is a mild form of small-pox sometimes known 
as variola minor. It is less severe and is protected by 
vaccination. 

Small-pox is known to have been indigenous to Eastern 
countries and its earliest records are from India and China. 
Its distribution is world-wide and it is essentially an epide- 
mic disease, although it must be regarded as endemic nearly 
everywhere in India. Small-pox rages epidemically in 
Bengal every five to seven years during the month of March 
and the two months following it, and sometimes until the 
rains. In India the maximum prevalence of the disease is 
during the hot weather ; while in cold countries it is most 
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prevalent during the late winter and early spring. The 
prevalence and mortality of small-pox are much influenced 
by vaccination. 

This is one of the most virulent and infectious of trans- 
missible diseases, and persons unprotected by vaccination 
are almost universally attacked on exposure. The mortality 
appears to be higher among males than among females, and 
the disease is most fatal in children between the ages of two 
and four. The death-rate from small-pox in India varies 
from 0.3 to 2.0 per annum, and about 20 per cent, of the 
persons attacked die. In 1909 there were 3784 deaths from 
small-pox recorded in Calcutta and after that the city was 
practically immune. In the years 1910, 1911, and 1912 the 
total number of deaths were 48, 41 and 7 7 respectively. In 
1927 there were 42,614 deaths in Bengal. 

Infectivity.— The incubation period of the disease is usually 
twelve days, but it may be as short as five days, or as long 
as three weeks. The disease is infectious from the earliest 
period of its manifestation, probably through the breath, 
and the danger continues during the whole course of its pro- 
gress, but particularly after the pustular stage ; when the 
scales begin to separate. Therefore the patient should be 
isolated until the last scab has fallen oft*. The ratio of persons 
who are entirely insusceptible to small-pox is, according 
to Notter and Firth, 1 in 20 for adults and 1 in GO for 
children. The contagion is very persistent, and it may act 
through a considerable distance. It is exhaled from the skin 
and lungs of the patient, is probably contained in the secre- 
tions and excretions, and adheres to clothing, articles and 
places with which the patient may have come in contact. 

Transmission.— -The commonest cause is perhaps direct 
contact or proximity to a case— a proximity close enough to 
allow the throat or nasal secretions or skin debris to be 
inhaled by the person infected. Air is the medium through 
which the contagion is chiefly transmitted. Houses within 
a radius of half a mile of a small-pox hospital have been 
attacked at three times the rate of those between half a mile 
and a mile, and at four times the rate of those beyond a mile. 
Whether the disease is spread through the air or through the 
carelessness of persons connected with the hospital is still 
disputed, and in the absence of any exact knowledge it is 
better to locate small-pox hospitals as far from inhabited 
areas as possible. 

One attack generally confers immunity for the rest of the 
life. A second attack, however, is not uncommon and may 
occur even after an interval of one year ; and a third attack 
is not unknown. The protection, however, tends to wear oft' 
in course of time. It should also be borne in mind that 
complete natural immunity even after repeated exposure is 
occasionally seen. 
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The cause is not known, although various organisms, 
among other two or three protozoon-like bodies have been 
described. But these have not received general acceptance. 
All the evidence goes to prove that the causal agent is 
a virus. 

Prevention. — The following measures should be adopted 
during an outbreak of small-pox .• — 

1. Vaccination 

By vaccination is meant the introduction into the human 
system of vaccinia, which is cow-pox, an allied disease, to 
prevent small-pox. Instead of a general eruption all over 
the body vesicles appear only at the points of inoculation. 

Jenner in 1798 first pointed out that the inoculation of 
man with cow-pox (vaccinia) confers immunity from sub- 
sequent attacks of sraall-pox in the same way that an attack 
of small-pox does to a patient. Many experiments were made 
to confirm these results, and the practice of vaccination 
became general. 

Inoculation or Variolation . — The fact that an attack of 
small-pox confers immunity was recognised quite early, and 
thus originated the method of conferring protection against 
small-pox by inoculation, which consisted of inoculating the 
variolous matter into a wound. This method was practised 
in India before the introduction of vaccination, but has been 
given up in favour of vaccination. The method was not 
without some danger, and severe reaction ending fatally 
often followed inoculation. Moreover the inoculated disease 
was as infectious as true small-pox to the unprotected. It 
may, however, be justified under emergencies, e.g. in isolated 
places or islands where vaccine virus is not available at 
the time. 

Duration of Protection. — The protection afforded by vac- 
cination is less perfect and less permanent than an attack of 
small-pox. The susceptibility to small-pox after a primary 
vaccination returns slowly, and the duration of protection 
afforded by vaccination depends upon (a) the quality of vac- 
cination, i.e. the number, area, and character of the scars ; (b) 
the time which has elapsed since its performance ; (c) the 
mode of its performance — vaccination in three or four places 
gives better protection than that conferred by vaccination in 
only one spot. Whenever possible primary operations should 
be performed at six points, though vaccination in two points 
ip infants has been recommended followed by re-vaccination 
at school age. 

Vaccination was made compulsory in Calcutta in 1880. 
The mean ratio of deaths per 100,000 of the population per 
annum for nineteen years previous to this was 116.8, and for 
nineteen years subsequent 44.5. 

Small-pox can be almost entirely prevented by vaccination. 
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Formerly the disease was so prevalent that almost every 
one suffered from it. As a result of the extensive use of 
vaccination the disease has almost been exterminated from 
many countries. Thus there were only 8 deaths in the year 
1897 in the entire German Empire with a population of 
54,000,0000. 

A widespread epidemic of small-pox can only be attributed 
to ignorance concerning the prevention of the disease by vac- 
cination and re-vaccination. As full protection does not 
last beyond seven years, it is advisable to be re-vaccinated 
at intervals of 7 years. By immediate vaccination, of all per- 
sons brought directly or indirectly in contact with the case, 
the progress of the disease can almost at once be checked. It 
is therefore necessary that the physician, the attendants, the 
relatives of the patient, and in fact all the inmates of the 
house should be vaccinated. If possible the residents of the 
adjacent houses should also be vaccinated. IGven after expo- 
sure to infection an attack can be warded off, because the 
incubation period of small-pox is twelve days and the full 
protection of vaccination is attained before the possible deve- 
lopment of the disease. If, however, the disease is contracted 
it generally appears in a much milder form. If persons ex- 
posed to small-pox are not vaccinated they should be placed 
under quarantine for sixteen days from the date of last expo- 
sure. No person who has not been vaccinated within live to 
seven years, and no person who has had small-pox for seven 
to ten years previously should rely upon the supposed 
immunity. 

Natural insusceptibility to vaccination is sometimes 
observed, when even fresh virus carefully applied repeatedly 
fails. These cases are probably also immune to small-pox ; 
nevertheless they should be vaccinated during an epidemic, 
since we have no means of ascertaining when this natural 
immunity may lapse. 

The following analysis of 5000 cases of small-pox shows 
the influence of number of scars to mortality. — 


Ilnvaccinated 

Per cent, 
mortality 
35 

No cicatrix 

23 

One cicatrix 

7.7 

Two cicatrices 

4.7 

Three cicatrices 

1.9 

Four cicatrices 

0.05 

Re-vaccinated 

nil. 


The Operation of Vaccination.— This consists in inl^ro- 
ducing vaccine virus under aseptic conditions into the skin 
(never under the skin or subcutaneously), and is usually done 
on the outer side of the arm near the insertion of the deltoid 
muscle. The anterior surface of the forearm 2 in. below the 
bend of the elbow, or the calves of the legs are also selected. 
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When given on the legs, the abundant lymphatics on the 
groin control better the inflammatory reactions. But it is 
more exposed to injury and is not possible to keep the part 
clean specially with children. The part should be thoroughly 
washed and cleansed with soap and water, and then with 
some antiseptic lotion, and Anally flushed with clean water 
to remove all traces of the antiseptic. The lymph taken on 
the point of a sterile lancet is inserted by punctures. Strong 
antiseptics will counteract the object of vaccination. Ab- 
solute alcohol is therefore better and should be allowed to 
evaporate after having done its work. The vaccinating 
lancet can also be sterilised by wiping with absolute alcohol 
or rectifled spirit. 

Instruction to Vaccinators, — 1. Vaccinate only healthy 
subjects. Infants suffering from fever, irritation of the 
bowels, skin eruptions or eczema should not be vaccinated. 

2. Do not vaccinate in a house where there is a case of 
erysipelas. 

3. Since there is some relation between the number of 
scars and the degree of immunity, it is necessary to make 
at least four insertions, and care should be taken to make 
the insertions so far apart that they do not ruT\ together and 
form one large sore. The area should be covered with a 
clean cloth after allowing some time to dry. Painting with 
a solution of picric acid in alcohol markedly lessens local 
reaction and danger of secondary infection, without inter- 
fering with the success of vaccination. 

4. Particular care should be taken to protect the vesi- 
cles ; the crusts should be left until they drop off. Ordi- 
narily no dressing is required. 

5. In primary vaccination only enter as “siiccessfur^ 
those cases in which the typical vaccine vesicles have been 
produced ; in re- vaccination only those in which vesicles, 
either normal or modifled, or papules surrounded by areolse, 
have been produced. 

6. Primary vaccination should be inspected between 0 
to 8 days, re-vaccination between 24 to 48 hours, otherwise 
the deflnite reaction may be missed and the case entered as 
unsuccessful. 

7. Whenever practicable vaccination should be done 
with preserved calf vaccine. In arm to arm vaccination 
ascertain that the children you take the lymph from are of 
healthy parentage, and have no signs of any hereditary 
disease, especially syphilis. Lymph should be taken from 
typical vesicles around which there is no conspicuous com- 
mencement of areola. The practice of vaccinating direct 
from the calf or from arm to arm is to be discouraged. 

8. When performing a number of operations use two 
lancets ; put the used one in boiling water for sterilisation. 

9. The suitable method is by shallow oblique punctures 
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so as to make valvular incisions without penetrating the 
skin, or by a scratch. The part should be stretched and the 
lancet held at an angle. The German law allows only 
incisions to be made with a sterile needle or the point of a 
scalpel which should nob be deep enough to draw any blood. 
Scarifications or cross-scratchings are forbidden, as they 
form a large abraded surface which soon becomes covered 
with a dry, hard crust of serum and blood, through which 
the eruption cannot pierce. 

A vaccinator should vaccinate at once all the members 
of a household or contacts in case of an outbreak of small- 
pox in the house, and also re-vaccinate people during 
epidemics, irrespective of the length of time that has elapsed 
since the last vaccination. 

Complications of Vaccination. — Vaccination may give rise 
to the same group of complications as any other open wound 
and may be avoided by proper aseptic precautions. But 
within recent years cases of post-vaccinal encephalitis have 
been reported ; a complication, though of rare occurrence, is 
disquieting because of its high death-rate. It appears 9 to 
12 days after vaccination, the onset being abrupt and accom- 
panied by headache, vomiting and drowsiness passing on to 
coma. One case Avas first reported in 1912. Subsequently 
four cases were reported from the London Hospital in 1922. 
Between 1922 to 1927, 93 cases have been recorded in 
England. 69 to 96.6 p.c. of the cases occurred in primary 
vaccination of children between the ages of five and fourteen 
years. Practically it does not occur in primary vaccination 
of infants or in secondary vaccination. The cause is still 
obscure, although three views are held, viz. (a) that it may 
be due to vaccinia virus ; {h) that infection with the vaccinia 
virus may flare up a dormant neurotropic virus which the 
patient was harbouring ; and (c) may be toxic. It is possible 
that the condition is produced either directly by the 
vaccinia virus or indirectly by the activation of some 
unknown latent virus. 

Age of Vaccination. — In Bengal the Vaccination Act 
enjoins that a child should be vaccinated within six months 
of its birth, but the best age appears to be four months, that 
is before the child can turn over. A properly performed 
vaccination, even to a new born babe, is practically without 
any danger. Children are very highly susceptible to small- 
pox, and the younger the child the less is the resisting 
power. If there be any reason to suspect that the child 
may develop small-pox, vaccination should at once he 
performed. 

Donnally and Nicholson* record their experience of 
vaccination of 500 newborn infants after single insertion^ 
as follows : — (1) It is a safe procedure with negligible 
* Jour, of Amer. Med. Association, 1934. 
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complications, insignificant influence on growth and nutri- 
tion, and almost always without fever. (2) Ten per cent, 
of the infants were resistant to vaccination, due possibly to 
resistance of growing young tissues. (3) In successful cases 
active immunity develops promptly and may last over a 
year and probably longer. (4) It is a practicable means of 
protection against small-pox. (5) For those who will be 
vaccinated between 3 and 6 months, when success is more 
likely, vaccination need not be performed at birth. 

Phenomena of Primary Vaccination.— After an incuba- 
tion period of from 3 to 4 days a slight elevation can be felt, 
and on closer examination one or more small papules are 
observed. After the fifth day the papule becomes vesicular 
which is at first clear and pearl-like. On the 8th day, the 
vesicle matures and in the centre there is a dry brown scab 
surrounded by a ring of irregular vesicles containing turbid 
lymph. Around this there is a brawny areola. The vesicle 
begins to be pustular and iimbilicated on the 9th day, when 
it becomes greyish, tense and loculated, and when pricked 
the lymph only from the compartment opened exudes. Blight 
constitutional symptoms such as fever, enlarged glands, 
restlessness and itching are observed. Abou^ the 10th day 
the vesicle begins to dry up and only a dry scab remains 
about the 14th day, which falls off about the 21st day. The 
scar or cicatrix is depressed and marked with little pits. 

Vaccination is not successful unless the areola or red 
zone around the vesicles is formed. When lanolinated lymph 
is used the areola commences to form on the 5th day, but 
with glycerinated lymph it takes about two more days for its 
development. The vesicles have a doughy feel and do not 
fluctuate as in the case when pus is formed. Vaccinia only 
begins to exert prophylactic power when the areola com- 
mences to form round the vesicle. 

The immunity appears after one week, generally about 
the 8th day of vaccination. The precise nature of the chan- 
ges which produce immunity is not well understood. But it 
is not of the nature of an antitoxin, although the blood of a 
successfully vaccinated person contains certain specific anti- 
bodies which render vaccine virus inert when brought in 
contact with it. The vaccine virus grows and produces an 
enormous number of colonies on the inoculated spot by the 
8th day of vaccination, when the antibodies appear which 
attack and digest the colonies producing toxin causing local 
redness (areola) and fever. Soon however the micro-organ- 
isms are killed and the contents of the pustule become inert, 
the antibodies remain for a long time in the system. At this 
period the subject remains hyper-sensitive and if re-vac- 
cinated there follows an immediate reaction of anaphylaxis. 

2. l8olaiion,--The patient and the suspect should be 
separated. All communications between the sick and infected 
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and the healthy (other than the attendants), and the move- 
ment of any article from the infected room or house, should 
be rigidly forbidden. 

3. The Sick Boom,— The contagion of small-pox harbours 
in carpet, beddings, clothing, etc., and therefore these and 
all unnecessary furniture, and any other article capable of 
harbouring infection, and which would be difficult to dis- 
infect or not desirable to burn, should be taken out of the 
sickroom. Articles of furniture that have already been ex- 
posed to infection should not be removed unless these have 
been disinfected. The room should be fully ventilated. Ten 
per cent, solution of formalin may with advantage be kept 
in the room in a vessel. 

4. Care of Convalescents. — No person recovering from 
small-pox should be allowed to go out and receive visitors 
until every scab, crust and scale have disappeared, and there 
is no sore on the body. The hair should be carefully brushed 
to remove all particles adhering to the scalp and the whole 
body should then be thoroughly washed with soap and water. 
The convalescent may have a bath with some antiseptic 
lotion, and clothing previously worn should be thoroughly 
disinfected. 

5. Care of Corpses.— All persons dead of small-pox should 
be wrapped in sheets soaked in a 40 p.c. solution of formalin 
and should be cremated or burnt with as little delay as 
possible. When coffins are iised they should be air-tight. 

0. Disinfection.— The infected house and its contents 
should undergo a most thorough disinfection with formal- 
dehyde (see p. 440). All articles of clothing, bedding, etc., 
should be kept exposed to the sunlight. Rooms, offices, 
boats, vehicles, eto., which may have been incidentally ex- 
posed to infection should be washed with soap and hot water 
and then disinfected with 10 p.c. solution of formalin, or 
fumigated with formaldehyde or sulphur vapour. 

As the nose and throat are liable to harbour the specific 
cause of small-pox, they should as far as possible be cleansed, 
and the throat gargled with some disinfectant. 

7. Personal Protection.— Besides being vaccinated phy- 
sicians and nurses when visiting a small-pox patient should 
wear a long overall fitting close along the wrist and neck. 
Failing this they should have a change of clothing. These 
garments should be immediately removed and placed in an 
air-tight receptacle and disinfected with formalin vapour. 
The hands should be thoroughly washed with soap and water 
and then again washed in some strong antiseptic solution>. 

Preparation of Calf Vaccine Lymph 

The vaccine pulp consists of the entire vesicle and its contents, 
formed by the epithelium, leucocytes, products of inflammatory 
reaction, the fluid content of the vaccine, debris, eto. The real 
active principle of the vaccine virus is contained in the epithelial 
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colls, the serous fluid which contains the lymph only does not contain 
it. The pulp is therefore used in the preparation of vaccine lymph. 

Preparation of the Calf, —The calf is kept in quarantine for a week 
to see that it is healthy. If so» it is strapped on a table and the lower 
part of the abdomen is carefully shaved. The shaved area is first 
washed with a 5 per cent, solution of carbolic acid and then well 
syringed with clean filtered water and finally cleansed with sterilised 
water. The wetted area is dried by means of sterilised gauze sponges. 

Vaccination of the Calf. — The calf is then vaccinated with glyceri- 
nated calf lymph introduced into the skin through numerous parallel 
linear incisions made by a sterilised scalpel. The scalpel must bo fre- 
quently dipped in the vaccinating fluid. As these incisions are made 
additional lymph is run in along the cut by the aid of a sterilised 
blunt instrument such as an ivory spatula. It is necessary to inocu- 
late the incisions immediately they are made otherwise the lips of 
the wound are apt to swell and close the opening. After the vaccina- 
tion, the shaved surface should be covered with a sterilised apron and 
the calf can then be removed to the stable. 

Collection of Vaccine Material.— Mtev 120 hours (five days) the calf 
is placed on the table and the vaccinated surface is carefully but 
thorouglily washed with soap and warm water. This may be done 
either by the clean hands of the operator or with absorbent cotton- 
wool. It is next washed with filtered water and finally with steri- 
lised water. Excess of moisture on the surface may be absorbed by 
means of sterilised gauze sponges. The skin is then put on the 
stretch and the crusts and vesicles are collected with a sterilised 
Volkmann^s spoon. Each line must bo taken in turn and must only 
be scraped once. In this way the vesicular pulp is obtained without 
admixture of blood. The pulp obtained is placed in a sterilised 
stoppered bottle of known weight. It is then carefully weighed. 
The abraded surface of the calf is then dusted over with starch and 
boracic acid powder. 

Glycerination of the Vaccine Material.— The lymph pulp is next 
transferred to a triturating machine— all parts of which should have 
been previously sterilised by prolonged steaming. The pulp is passed 
through the machine and thoroughly triturated. Ih) test its complete 
trituration a loopful of the ground-up material is suspended in a 
watch-glass of distilled water. If the trituration is complete no 
particles will be visible and the water will be made merely cloudy. 

The pulp is now passed through the machine a second time to- 
gether with 3 or 4 times its weight of sterilised mixture of 50 per cent, 
glycerin in distilled water. This mixture of pulp and glycerin water 
IS then once more passed through the macliine, thus producing a fine 
and intimate emulsion. Before preparing to store the emulsion a 
loopful of it should bo taken with a sterilised platinum needle and 
agar-plates inoculated with it. 

Storage of Emulsion.— The emulsion in the machine is received into 
sterilised glass test-tubes of a size that can bo filled as completely as 
possible so that very little air remains in contact with the emulsion. 
Each tube is plugged with a sterilised cork, sealed with melted pa- 
raffin wax, and is then placed in a dark cool cupboard or ice chest. 
Each tube should be marked with the number of the calf and the date 
of the preparation. 

The Issue of Lumph in Capillarif Tubes.~The emulsion may bo tested 
on agar plates after a inontli, and if no growth is shown the lymph 
ma^ be drawn into sterilised capillary tubes and used for vaccination 
purposes. If growths take place the lymph must be kept for a 
longer period until it ceases to cause growth. The capillary tubes 
should ue sealed in a flame immediately after they are nlled. If the 
special bottle for filling by means of compressed air be used it must be 
sterilised beforehand. Metallic collapsible tubes having a capacity to 
hold 25 to 50 grains are also used for issuing lymph, but these should 
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first be properly cleaned and sterilised and after filling corked and 
capped properly to prevent leakage. 

General Instruction .— use of unripe lymph, that is, lymph con- 
taining contaminating microbes, is followed by fever, inflammation, 
and perhaps pus production. The use of stale lymph, generally so 
after eight months, on the other hand, simply results in more or less 
failure. 

If stored in the cold, the lymph retains its activity for a much 
longer period. During the cold weather in Bengal the lymph when 
taken out of the ice chamber usually keeps well for about 10 to 14 
days, but in summer it deteriorates in 4 or 5 days. 

For every operation the vaccinator must thoroughly cleanse his 
hands, first with strong soap and warm water, then with a 5 per cent, 
solution of carbolic acid, and finally with sterilised plain water; and 
no assistant must bo allowed to touch the vaccinated surface of the 
calFs stomach before the lympli is taken nor any of the instruments, 
tubes, sponges, etc., unless with the same precautions. 

All glasses, tubes, instruments, gauze, sponges, etc., must be com- 
pletely sterilised before use, and tlie operator must himself see that 
the articles to be used are thoroughly sterilised. 

Instead of glycerin the pulp may also the mixed Avith dehydrated 
and neutral lanoiine in the proportion of one part of the pulp to two 
of lanoiine (by weight), and then stored in sterilised tubes. One grain 
of this vaccine lymph is necessary for vaccinating three persons. 
3''he glycerinated lymph is preferred to the lanolinated variety, and is 
probably safer from chance of sepsis, but it has the disadvantage of 
being weak. 

The lymph deteriorates on coming in contact with heat or even a 
Aveak antiseptic. The lancet, therefore, if sterilised by passing through 
a flame, should be alloAA^ed to cool down, and the area, thoroughly 
flushed with clean sterile Avater and then carefully wiped dry before 
performing the operation. 

Summary of Mfasuues for Dealing with Outbreaks 
OF Small-pox 

(1) Every effort should be made to find the source of in- 
fection and to prevent the spread of the disease. 

(2) As soon as a case of small-pox has been reported the 
movements of the patient during the preceding two weeks 
should be ascertained, and all persons who have been in 
contact Avith him since the illness must be vaccinated or 
re-v^accinated. 

(3) The most diflicult persons to deal with are the ignorant 
labourers, Avho disperse in all directions, and in this way 
carry the infection to other centres. 

(4) Where special hospitals exist every endeavour should 
be made to induce such cases to go into a hospital. If they 
cannot be segregated in this way, they should, as far as pos- 
sible, be isolated in their own houses. 

(5) Contacts should be kept under observation for at least 
two weeks. 

(6) Other steps include free vaccination throughout the 
locality. This may be done by empoAvering every medical 
practitioner to vaccinate all persons who apply to him. The 
local authority may supply lymph to the practitioners free of 
charge. 
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(7) In extreme cases, employ an army of assistants to go 
from door to door for the purpose of persuading people to be 
vaccinated. Female vaccinators will often be found to be of 
service for vaccinating women and young children. 

CilTCKEN-POX OR VARICELLA 

Chicken-pox is a contagious disease occurring in children 
mostly in an epidemic form. It very often coincides with 
epidemics of small-pox, but the mortality is practically nil. 

Etiology. — There is no doubt that it spreads by a con- 
tagium from a previous case of the disease. The incubation 
period is about fourteen days and the patient should bo 
isolated until the last scab has fallen of. 

Nothing definitely is known as to how the disease is 
transmitted from one to another, nor what is the portal of 
entry, but that infection takes place nearly always by direct 
or close contact is established. The possibility of transmis- 
sion begins with the appearance of first symptoms and lasts 
perhaps until the crusts have separated. 

The disease is very rarely carried by a third person and 
very rarely by fomites and then only when the exposure 
takes place shortly after the fomites have left the patient. 
The virus, whatever it is, is easily killed after a short 
exposure to light and air, whereas with small-pox the virus 
is resistant. 

The incidence is greatest during the first ten years, 
rarely seen in adults. This is due perhaps to the fact that 
almost every one has had the disease during childhood. No 
age however is immune. Immunity conferred by an attack 
is generally perfect although second attacks have been 
reported. 

Chicken-pox and small-pox are separate and distinct 
diseases and an attack of one does not give protection 
against an attack of the other. Vaccination gives no protec- 
tion against chicken-pox. 

Prevention. — All cases should be reported to the Health 
Officer, as very often a mild case of small-pox may be mis- 
taken for chicken-pox and thus escape control. It may 
prevail in an epidemic form, and although not as a rule fatal 
may give rise to much trouble, especially in schools, board- 
ing-houses, jails, hospitals, etc. The patient should always be 
isolated with a special nurse. The measures taken to pre- 
vent the spread of small-pox are also applicable to chicken- 
pof . After separation of all the crusts the patient should 
have a warm bath and complete change of clothes before 
regaining perfect freedom. The room should be thoroughly 
washed and cleaned, and all clothes, bedding, etc., used by 
the patient subjected to a thorough disinfection either by 
steam or boiling. 

The serum obtained from convalescent patients within a 
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month after the appearance of the rash has been found to 
have a prophylactic effect ; 10 c.c. of the serum being given 
at an injection. This serum however is inferior to convales- 
cent measles serum. 

The following scheme presents in contrast the salient 
features of variola versus varicella. 


Smallpox 

Chicken-pox 

Prodromata severe 

Heavy sickness, severe pain 
in back, vomiting. 

Spots come out on third day. 
Spots come out in progres- 
sive order from above down- 
wards- face, hands and 
arms, trunk, legs, feet. 

'remperatiire : three days pyre- 
xia at onset, and pyrexia 
again when suppuration 
occurs about the ninth day 
(called the secondary or sup- 
purative fever). 

The pock comes up from below 
and is more sunk into the 
skin. 

Rash centrifugal. 

‘ Spots more abundant on the 
face, back, shoulders and 
chest than on abdomen and 
loins. 

Liable to have very severe com- 
plications and sequelae. 

The centre of the vesicle is 
depressed. 

Eruption apt to leave pits, 
often deep and permanent. 

Prodromata slight or absent. 

Perhaps slight headache, pain 
in back, shivering. 

Spots come out on ’first day. 
Spots come out in successive 
crops, the new spots being 
widely distributed. 

Temperature not high as a rule. 
But pyrexia accompanies 
each fresh crop of spots if 
the eruption is profuse. 

The pock superficial and is on 
the skin rather than in it. 

Rash centripetal. 

Spots increase from extremities 
to the trunk. Distribution 
as copious on the chest, 
area for area, as on the face. 

Neither complications nor 
sequelm to be reckoned with 
as a rule. 

The centre of the vesicle is the 
highest point. 

Pitting occasional and slight as 
a rule. 


Measles 

Measles is specific infectious fever characterised by 
macular eruptions and widespread catarrh affecting chiefiy 
the respiratory, nasal, and ocular mucous membranes. It 
occurs generally in an epidemic form and is infective from 
the very beginning. Its distribution is universal, and the 
disease is independent of climatic influences. Children 
under the age of five are mostly aff'ected, and the mortality 
is greater among males than females, especially among 
child^n under two years of age. The death-rate is higher 
among the poor and in overcrowded localities. 

The incubation period is fairly constant and is ten to 
eleven days in most cases, although it may be as short as 
six and as long as fifteen days. A true relapse is rare, 
although second attacks are not very uncommon. 

Etiology. — The specific cause is unknown, although 
experiments on monkeys have demonstrated that the virus 
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is flltrable through porcelain bougies capable of holding back 
all known bacteria. The infectivity is probably lost by the 
time convalescence is reached. The nasal and bronchial 
^secretions seem to carry the virus, the scales having been 
found nonpathogenic for monkeys even at the height of the 
disease. Direct contact with a previous case of measles is 
the most important factor in the spread of the disease. Its 
propagation may be effected indirectly through the agency 
of infected articles. The infection may be given off‘ by the 
breath and mucus. The x>oison is also diffused through the 
medium of air and infection probably occurs by inhalation. 
Hektoen, experimenting on human beings, has shown that 
the cause of measles is present in the nasal secretions, 
scrapings of the skin, and the blood of patients during the 
earlier part of the eruptive stage. 

It is highly contagious in the pre-emptive stage, and 
since the nature of the disease is not recognised at this 
period, most damage is then done. 

Quarantine.— For contacts eighteen days, for the sick 
until desquamation and subsidence of the catarrhal condition 
are comjdete. 

Prevention. — This is the most difficult disease to handle, 
since the long period of incubation and the four days of 
infectiveness before the appearance of the rash render its 
eontrol almost impossible. The suspicious cases should be 
early isolated without waiting for the rash to apx^ear. In- 
fected clothes, bed room, etc., should be properly disinfected. 
Application of carbolised oil or glycerin i^revents the infec- 
tion from being carried about by the air. 

Immunity can be conferred by injecting blood serum of 
patients convalescent from measles Avithin three days of 
eontact or exposure to infection. It is a valuable method of 
preventing or attenuating an attack both in infants and older 
children. A successful attempt was made at the Paris 
Foundling Hospital to attenuate the disease by injection of 
convalescent serum before or during the seven or nine days 
after exposure. When the injection was given later, even 
after the period of invasion, the attenuation was less definite. 

An investigation was made by the London County Council 
on the value of convalescent and adult serum for the protec- 
tion of contacts. Of 2220 patients, 680 were given con- 
valescent serum and 1333 adult serum, while 207 did not 
receive any serum. Of those Avho did not get any protective 
injection, 25.1 p.c. escaped, whereas 90 p.c. of those who 
haa convalescent serum and 76.7 p.c. of those who had adult 
serum escaped attack. 

The dosage recommended is 5 c.c. of the convalescent 
serum for children under three years ; for older children the 
-dose is calculated by multiplying the age in years by two. 

dose should be double when adult serum is used. 
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The following measures exercise considerable control 
over the spread of the disease : — 

1. Compulsory notification. 

2. Prompt notification to the sanitary authority by the 
schoolmaster of the occurrence of any case amongst the 
scholars, and by the sanitary authority to the schoolmaster 
of any case occurring in the homes of any of the scholars. 

3. In case of any exceptional prevalence the school 
should be closed. 

4. Eemoval to hospital of the earlier cases. 

Tuberculosis 

Tuberculosis is an infectious disease, usually chronic in 
nature and is caused by the tubercle bacillus, an organism 
discovered by Koch in 1882. It attacks various organs and 
tissues ; its usual manifestations being x>BbBonary phthisis, 
scrofula, lupus, tabes mesenterica and meningitis. Man and 
most domesticated animals are susceptible to tuberculosis. 

The disease is prevalent in all countries and climates. It 
is more x)revalent in crowded localities like cities and towns, 
and particularly in the slums than in the warm and humid 
lowlands and towns on the coast. The dryness and purity 
of the air have apparently a decided elfect on the incidence 
of the disease and its mortality. 

In the British Army in India the death-rate from tuber- 
culosis is 0.17 per 1000, in the Indian army 0.52 per 1000, 
and in the jails 3.21 per 1000. The mortality from tuber- 
culosis has been steadily rising in India especially in the 
cities and towns, due to a combination of factors, mostly 
social and economic. In the city of Calcutta there were 
2120 deaths from tul)erculosis in 1920, 2208 in 1924, 2062 
in 1931, 2280 in 1932, and 2595 in 1933. In 1927, 7689 
deaths were registered in Bengal as against 7032 in 1926, 
11,801 in 1932 and 14,802 in i933. The death-rate in the 
urban areas of Bengal is about 13 times that in the rural 
areas. In Peshawar city out of 75,000 persons examined 
in 1927, 3000 were detected as sutfering from active tuber- 
culosis. 

No race is exempt from the disease but the coloured 
races are considered to be more susceptible than the whites. 
Both sexes are more or less equally liable to the disease, 
but the incidence and mortality between the ages of 15 and 
35 is much higher in females than in males, that being the 
child bearing period during which the vulnerability to yie 
disease is decidedly higher. 

The main factors concerned in the prevalence of the 
disease are defective social and economic conditions, bad 
housing, poverty, malnutrition, early marriage and mother- 
hood, frequent pregnancies and childbirbhs, indiscriminate 
spitting, the purdah system which prevents females from 

37 
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having fresh air and sunlight, and want of knowledge 
especially on the causation and prevention of the disease. 

The researches of Sir Robert McOarrison at the Nutri- 
tion Research Laboratory at Coonoor have amply demon- 
strated the importance of malnutrition in the causation of 
tuberculosis. He has proved that the different races of 
India with diff*erent standard of diet exhibit a proportionate 
variation in the prevalence of a nutritional disease like 
tuberculosis. Statistics tend to show that the best 
nourished races like the Sikhs and Pathans of the Punjab 
and the North West Frontier with a diet rich in proteins 
and vitamins have a much lower prevalence of and 
mortality from tuberculosis than the ill-nourished races of 
Bengal and South India, where a diet mainly of rice, poor 
in protein and vitamins is the cause of the prevailing 
malnutrition and higher mortality from tuberculosis. 

The mortality from tuberculosis is comparatively high 
during the first two years of life and decreases from the 2nd 
to the 12th year, after which it shows a marked increase, 
being greatest between the 15th and 25th year. After 35 
tuberculosis mortality shows a decline. Y(ith the advance 
in sanitation and public health together with an improve- 
ment in social and economic conditions and the nutrition of 
the masses, tuberculosis is diminishing in the modern 
countries of Europe and America, whilst it is increasing in 
India and other Asiatic countries where commencing urba- 
nization and industrialisation have produced a detrimental 
effect on the social conditions and bodily nutrition. 

Tuberculosis is not a hereditary disease in the sense that 
it is transmitted from the parents to the offspring (see 
page 335). It is possible that the tissues of the child may 
inherit susceptibility to the disease, but the predominant 
factor in family infection is the close association with the 
infected parents or other members of the family and the 
presence of the nutritional conditions common to the family 
as a result of identical social, dietetic and economic factors 
governing the whole household. 

Etiology.— The bacillus of tuberculosis is a non-motile 
minute rod, 2.5// to 3.5// in length and 0.3/^ in thickness, i.e. 
in proportion to its length it is a slender organism. Longer 
forms of 5// and above are also occasionally met with. It is 
an acid fast organism staining by the Ziehl-Neelsen method 
and has a beaded appearance when stained, clear spots 
alternating with stained parts in the body of the bacillus. 
The bacilli are usually straight but often curved. They are 
aerobic and retain their vitality for a long time outside the 
body. They thrive at an optimum temperature of about 37®C. 
Though they can live in the dry state for weeks and even 
months they are quickly destroyed by boiling or by exposure 
to sunlight, offering some resistance to weak germicides. 
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Koch maintained that the organisms of human tuberculo- 
sis was different from the bovine and that each of the two 
types of germs was not transmissible to the other host. He 
argued that bovine tuberculosis was not dangerous to man and 
the milk of tuberculous cows was not infectious to man. 
This view has been disproved and the report of the Royal 
Commission on Tuberculosis (1907) laid down as follows : — 

^^There can be no doubt but that in a certain number of 
cases the tuberculosis occurring in the human subject espe- 
cially in children is the direct result of the introduction into 
the human body of the bacillus of bovine tuberculosis, and 
there also can be no doubt that in the majority at least of 
these cases the bacillus is introduced through cow's milk. 
Cow's milk containing bovine tubercle bacilli is clearly a 
cause of tuberculosis and of fatal tuberculosis in man". 

The mutability of the human bacillus into the bovine and 
vice versa as a result of long residence in the tissues of the 
host of the other species is a question still remaining un- 
solved. Whether the bovine bacillus becomes transmuted into 
the human either by prolonged multiplication in the human 
subject or by a series of passages in human beings has to be 
decided by patient and careful observation and enquiry. 

Modes of Infection. — 1. Inoculation , — There is no evi- 
dence to show that tubercle bacilli can pass through the 
unabraded skin, but instances are known amongst butchers 
and surgeons of infection through cuts and wounds. The so- 
called butchers' wart is a tuberculide and infection along the 
lymphatics of the arm into the glands at the elbow and the 
axilla has been known amongst surgeons. Tubercle bacilli 
can however pass through the unbroken mucous membranes. 

2. Inhalation , — The bacilli leave the human body mainly 
in the sputum and from the point of view of prevention, the 
expectoration should be regarded as the greatest and the 
most common source of danger. The bacilli leave the body 
through other discharges as well. The fmces and the urine 
in cases of intestinal and genito-urinary tuberculosis and the 
discharges from cold abscesses, caseating glands and suppu- 
rating joints in tuberculosis of the respective tissues also 
contain bacilli and may carry infection. 

Dried sputum on roads, floors, walls, clothing, bedding, 
handkerchiefs, etc., carried about in the air in the form of 
dust constitutes a fertile source of infection. The chances 
of infection increase in proportion to the want of care in the 
disposal of discharges and the absence of sunlight to kill tjie 
organisms. Cornet and others have demonstrated the pre- 
sence of living bacilli in the dust and furniture of rooms 
where tuberculous patients lived weeks or months previously 
and no disinfection was carried out after the patient vacated 
or died. The risks of infection in open places are practically 
negligible as sunlight has a bactericidal action on the organs 
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isms, especially in a hot tropical country like India. The 
organisms do however remain aliv^e and active for long in 
dark, ill-ventilated and moist places, as in the slums and 
habitations of the poorer classes. 

Another method of inhalation infection is when a tuber- 
culous patient speaks, coughs or sneezes, allowing the con- 
tents ol* the mouth or respiratory passages to be sprayed into 
the air and inhaled by others in minute particles or droi)lets 
containing virulent bacilli. This kind of ‘‘droplet infection” 
is especially dangerous in ill-ventilated rooms where the 
patient coughs or sneezes in the proximity of others. 

3. Ingestion . — The bacilli can gain entrance by the ali- 
mentary canal as in the case of children handled and fed by 
tuberculous mothers or servants. Tubercle bacilli gaining 
entrance through the food or drink, as by tlie use of cups, 
spoons, saucers, and utensils used by consumptives are ulti- 
mately absorbed through the intestinal lymphatics and 
thoracic duct into the blood stream producing lesions in 
distant parts of the body especially the lungs leaving little 
or no lesion in their passage. Infection through cow’s milk 
is common in Europe and America but is a 4 )parently rather 
rare in India, as bovine tuberculosis seems to bo compara- 
tively uncommon. It is not unlikely, liowever, that with the 
development of dairy farms, bovine tuberculosis may become 
more prevalent in India in the future and bovine infection 
amongst human beings will be more frequent. Infected 
meat may similarly become a more common cause of ingestion 
infection than at present. By ordinary cooking, meat con- 
taminated at the surface alone loses its harmful (piality, but 
meat affected with tubercle at its depth may still retain in- 
fectivity. Similarly thorough boiling of milk can sterilise 
it of its tuberculous infection, but insufficient heating can- 
not remove the infection from it entirely. 

Too much stress has perhaps been laid on the inhalation 
factor in tuberculous infection and the- fact that pulmonary 
tuberculosis constitutes the predominant manifestation of 
tuberculous disease has been adduced as an argument in 
favour of it. It must, however, be understood that the par- 
ticles of dust and organisms inhaled are mostly trapped by 
the mucous membrane of the nose, nasopharynx and pharynx, 
and ultimately ingested by the alimentary tract, comparative- 
ly few organisms i)erhaps entering the pulmonary bronchial 
tract. Whatever may be the method of infection the bacillus 
of,.tuberculosi8 has a tendency to affect the lung ultimately, 
as the seat of election of the disease. Malnutrition is perhapa 
the most important factor in the causation of tuberculosis ; 
impure air, overcrowding, dampness of soil and defective 
ventilation and sunlight being subsidiary factors leading to 
malnutrition. A defective and ill-balanced diet is perhaps 
the one factor which above all others renders the body a> 
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suitable soil for the growth of the bacilli of tuberculosis 
which find it difficult to grow in a healthy and soundly nour- 
ished body. Hence the truth of the now well-recognized fact 
that the “soil,’' i.e. the body is more important than the 
“seed,” i.e. the bacillus of tuberculosis plays a minor part 
in the causation of the disease, unlike the other infectious 
diseases like enteric, diphtheria, cholera, etc., where the 
seed is the more important factor than the soil. Deficiency 
of vitamins A and D and of proteins in general in the food 
predisposes to tuberculosis and this is what necessarily 
happens amongst the poor who cannot afford milk, meat and 
other foodstuffs that are essential for sound nutrition and 
have to live in bustees or slums in ill-ventilated, back-to- 
back houses with poor conservancy, sanitation and drainage. 
Adenoids and enlarged tonsils are on the one hand the signs 
of malnutrition and on the other the causes of deficient aera- 
tion in the lungs and disturbed metabolism and nutrition. 
They are therefore common precursors of tuberculosis. 

tuberculous Infection, Morbidity and Mortality.— The 
vast majority of human beings in all civilised countries 
imbibe tubercle bacilli at some time or another after birth ; 
the new born baby being free from infection. It has been 
estimated and demonstrated by the Von Pirquet and Mantoux 
tuberculin tests that by adult age 60 to 1)5 p.c. persons have 
imbibed the infection, but it is only about 1 to 3 p.c. that 
show the signs of active tuberculosis at any time, of whom 
about one-tenth die annually from the disease. In other 
words the infection rate of tuberculosis is about GOO to 950 
per mille, the morbidity rate 10 to 30 or more per mille, and 
the mortality rate 1 to 3 or more per mille per annum; the 
variations depending on the country and the locality. In 
Great Britain, America, and Australia tuberculosis mortality 
is less than 1 per 1000; in India it is ])erhaps 3 i^er 1000 and 
in the Indian cities it is probably even higher. 

Prevention. — For tlic production of tuberculosis two 
factors are essential, a susceptible body and the tubercle 
bacillus. The seed, viz. the tubercle bacillus can take root 
only in a soil suitable for its growth, viz. body weakened 
by malnutrition. In fact in a disease like tuberculosis, unlike 
most other infectious diseases, the causative organism y)lays 
a comparatively unimportant part and general nutrition is 
the predominant factor in controlling the prevalence of the 
disease. The fact that the disease is more prevalent in a hot 
and sunny country like India than in countries like Gi^eat 
Britain, where sunshine is somewhat of a luxury, indicates 
that sunshine with its antiseptic effect is a minor factor. 
The general prevention of tuberculosis may be classified 
under the following heads: — 

A. Ptihlic Measures. — 1. Improvement of the general 
sanitation leading to improvement of the general health 
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of the people is no doubt an important measure of pre- 
vention. 

2. Every facility should be given for early diagnosis of 
the disease, because tuberculosis is one of the most curable 
of diseases if dealt with in its early stage. The early diag- 
nosis of tuberculosis can be effected by the opening of Tuber- 
culosis Clinics at {ill important centres, if possible at every 
district head quarters. 

3. By sanitary town planning, i.e. by the demolition of 
slums and the establishment of Improvement Trusts for the 
residence of the poor, with sufficient ventilation and air 
space. 

4. The provision of open spaces, parks and play grounds 
in and near all towns and cities wherein the public and espe- 
cially the children can have plenty of open air recreation 
and exercise. 

5. Medical inspection of schools for ensuring proper 
ventilation and working hours, and for the proper super- 
vision of the general health of the children. 

6. The institution of maternal and child welfare centres 
all over the country to improve the nutrition of the new- 
born and growing child and the health of the mother. 

7. Medical inspection of factories and workhouses to 
ensure proper ventilation and the control of the hours of 
work of the operatives. 

8. The development of agriculture and industries includ- 
ing the rearing of cattle for a proper supply of food and 
milk. 

0. The prevention of early marriage and early mother- 
hood by the legal prohibition of early marriage, as by the 
Sarda Act. 

10. The general and health education of the masses by 
propaganda work and by the establishment of tuberculosis 
hospitals, sanatoria, etc., which afford practical education in 
the prevention of the disease. 

11. The penalisation of spitting, especially in public 
places and conveyances like buses, trams, etc., and by the 
provision of cuspidors or receptacles for sputa in public 
places. 

12. The affording of facilities for segregation, especially 
of the advanced cases, in hospitals. 

13. By the inspection of meat and milk and by a thor- 
ough supervision of slaughter houses and dairies. 

14. By the provision in asylums, jails and other large 
institutions for the treatment of cases of tuberculosis in 
separate and suitable wards. 

15. Last, but not least, is the education of the masses 
in the principles of nutrition and the importance of including 
a sufficient proportion of proteinaceous and vitaminaceous 
foodstuffs in the daily dietary. It is essential that the 
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milling of rice, which deprives the grain of protein and 
vitamins should be prevented, if necessary by law, and hand 
pounded or undermilled rice should be made the only avail- 
able type in the market for public consumption. His Excel- 
lency Lord Linlithgow has sufficiently emphasised the 
importance of nutrition amongst the masses, the improve- 
ment of the quality and quantity of milk available in the 
country by the institution of dairy farms and the supply of 
the best quality of stud bulls and the general improvement 
of farm and dairy products by the development of agri- 
culture. 

There are at present several tuberculosis dispensaries, 
hospitals and sanatoria in India, and the King George V 
Thanksgiving Anti-tuberculosis Fund is not only encourag- 
ing the specialisation of medical men in tuberculosis, but 
educating the masses by lectures, literature and demonstra- 
tions on the causation and prevention of tuberculosis. The 
recent appeal to the country by Her Excellency Lady 
Linlithgow for an Anti-tuberculosis Fund to combat the 
disease in India is a move in the right direction. By the 
early detection of the disease by the institution of diagnostic 
centres and by the ample provision of beds for the treatment 
of the disease this fund ought to be a very valuable factor 
in the control of tuberculosis in India. By combining such 
health propaganda work with improvement in general sanita- 
tion and by improving the nutrition of the masses, countries 
in America and Europe have succeeded in lessening their 
tuberculosis mortality by 75 to 90 per cent, during the last 
75 years. It will no doubt take India a similar length of time 
to control the disease, which at present is on the increase 
in the country. 

B. Private Measures. — 1. The importance of light and 
air in all living and bed rooms should be inculcated on the 
people and the false fear that a “cokU in the chest is caught 
by keeping all the windows and doors open at night should 
be corrected. All living and bed rooms should be freely 
exposed to light and sun as long as possible. 

2. TJiere is perhaps no more important factor in the 
prevention of tuberculosis than sound nutrition. A suitable 
proportion of proteins with vitamins in the diet is the most 
valuable of preventives of tuberculosis. There is no doubt 
that rice is a very poor article of diet unless suj>plemented 
freely with meat, milk, f/«7, wheat and ra(ji along with green 
vegetables and huits. The high incidence of tuberculojis 
in Madras, Bengal and other parts of India is possibly due 
to rice constituting the main article of diet. Vitamins A 
and I) are more important than the other vitamins in the 
prevention of the disease; therefore milk, egg, butter, fresh 
meat and fish must constitute a suitable part of the diet. 
For vegetarians wheat, dal, ragi, milk, dahi and butter with 
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green vegetables and fruits with the minimum of rice should 
be advised. 

Naso-pharyngeal affections in cliildren, like enlarged ton- 
sils and adenoids should be promptly dealt with and breath- 
ing exercises should be encouraged to develop the chest. 
The mo util and teeth should be attended to, a foul mouth 
and carious teeth being often the fore-runners of tuberculous 
infection. 

The consumptive should not be alloAved to share a room 
and certainly not the same bed Avith another. The marriage 
of a tuberculous person should be put off for about 2 years 
after the arrest of the condition. The tuberculous mother 
especially when she has open tuberculosis of the lung should 
not nurse or handle her child which should be segregated 
from her and nursed and brought up by a healthy Avoman or 
a Avet-nurse. A patient suffering from consumption must be 
taught all precautions in detail regarding prevention of in- 
fection to others. He should also be advised not to swallow 
his sputum lest the intestines should become affected. A 
tuberculous person should change his Avork into an outdoor, 
open air Avork whene\^er possible, eAcn if itjnay mean some 
loss of income. 

The consumptive must be made to spit into a vessel con- 
taining a disinfectant and the A^essel should bo daily steril- 
ised by thorough boiling. Flies should be prevented from 
getting at the expectoration by using spittoons witli covers 
and the expectoration should be disposed of by being poured 
into the underground drains or by being burnt or deeply 
buried. The disinfection of rooms used by consumptives by 
wet mopping or flushing is an important preventive measure. 
Dry sweeping should be strictly prohibited in such rooms. 
Careful microscopic examination of sputa of persons suffer- 
ing from chronic coughs constitutes an essential measure 
not only for the detection of the disease but for the adoption 
of disinfection and preventive measures. 

Mumps 

Infectious Parotitis 

It is an infectious disease characterised by SAvelling of 
the salivary glands, specially the parotid, and occurring 
during childhood and adolescence. 

Etiology. — It is common in all parts of the globe and 
occurs endemically in large centres of population, especially 
infSchools, boarding houses, barracks, etc. Although no age 
is entirely immune it is common in children and cases of 
transmission to the foetus in utero have been recorded. 

It sometimes occurs associated Avith other diseases as 
complication, e.g, in measles and typhoid fever. 

The causal organism has not yet been positively identi- 
ffed, but the virus is a fflter-passer and is contained in the 
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saliva whence it enters the salivary elands through AVharton^s 
duct. Infection is conveyed direct from y)atient to patient 
through droplets ; although it is possible to be conveyed by 
api)arently liealthy intermediaries, or fomites. 

Orchitis is a common complication in males, though 
ovaritis or mastitis may also occur in females. 

Prevention. — The incubation period is long (17 to 23 
days) therefore quarantine is rather irksome. The patients 
should be isolated, and the contacts, unless they suffered 
from the attack before, should also be isolated. The disease 
is infectious two or three days before the swelling appears, 
and isolation should be three weeks from the enlargement of 
the gland up to one week after the subsidence of the glan- 
dular enlargement. 

Ceukbrosptnal Fever 

It is a s})ecific disease occurring in an epidemic or spora- 
dic form and characterised by fever, headache, and symp- 
toms of meningitis due to invasion of the body with Menin- 
gococcus. 

Epidemiology. — The disease which occurs sporadically 
in most countries in any season of the year was not clinically 
recognised until 1805 when V^iesscux described an epidemic 
which occurred in south of France and in Switzerland. In 
1800 an epidemic occurred in 11. S. A. under the name of 
Spotted Fever. Within recent years, specially after the 
Great War tbe disease spread to Egypt and Sudan and to 
Asia. In India the disease was reported and accurately 
described as far back as 1878, and in 1883 an epidemic of 
38 cases with 27 deaths occurred among the civil labour 
force on the Indus bridge at Sukkur. Within recent years 
several epidemics occurred in India, ffrst in 1918 and then in 
1932 and 1934. These were contine(l to Bengal, Central India, 
Bombay, Karachi and Northern India. No age is exempt from 
the disease, although the i)ercentage is higher in adults. 
Children between the ages of six and ten are also attacked in 
large numbers. A peculiar feature of these epidemics was 
that the attacks were mainly coniined to persons between the 
ages of 15 to 55 years ; only a few children being affected ; 
whereas in European epidemics children and adolescents were 
largely attacked. In the spring of 1932, 22 cases with 11 
deaths occurred in the Borstal Institution at Lahore. During 
the period from Ist March 1933 to 1st April 1934, ()3(> cases 
were admitted in a hospital in Calcutta. Since 1930, Cairo 
as well as other towns in Egypt suffered from a severe epi- 
demic with an explosive attack in February, 1932, and a 
decline in incidence in 1933. The highest prevalence had been 
in the months of February to April. Although all the religious 
bodies and nationalities were attacked, the incidence and 
fatalities were highest among the jews. 
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It is essentially a disease of the winter and autumn months, 
though it may occur any time under any season which will 
lead to catarrhal symptoms. It generally attacks people 
living in closed communities, as in jails, barracks, schools, 
army and labour camps. But civil population living in over- 
crowded cities and towns are also attacked. It is more pre- 
valent in urban rather than in rural areas. 

Unlike other epidemic diseases it has certain character- 
istic features of its own, viz. the small percentage of people 
attacked ; the erratic nature of the outbreaks ; relative 
escape from the epidemic of certain localities close to the in- 
fective areas ; occurrence, as a rule, of not more than one 
case in a house or an institution ; and the difficulty in trac- 
ing any relationship between one epidemic and another. The 
disease does not appear to be very contagious and rarely any 
nurse or attendant get the infection. 

Etiology. — The specific organism is Biplococctts meningi- 
tidis intracellular is of Weichselbaum, now known as Neisseria 
meningitidis^ and is found in the cerebrospinal fluid and 
also in the naso pharynx of ‘carriers'. It is gram-negative 
in staining character. Infection generally l><^kes place by 
the buccal sprays and nasal discharges ; while overcrowding 
helps transmission of the organisms by droplet infection. 

It may be regarded as a weather disease fostered by damp, 
muggy and humid climatic conditions which lead to excessive 
indoor humidity. It has been suggested that saturation of 
the air with watery vapour is a predisposing factor and that 
in conditions of great humidity the naso-pharyngeal mucosa 
become more spongy and permeable and thus allow the 
passage of the specific organisms. Direct contagion though 
possible is rare. 

The disease is spread almost entirely by healthy “carriers’’ 
and in no other disease has the importance of carriers been 
more stressed than in this disease. Doctors, nurses and 
others who attend generally escape the disease, but the con- 
tacts become carriers and it is only rarely that they develop 
the disease. A study of the carrier rate in the pre-epidemic, 
epidemic and post-epidemic periods shows that it increases in 
the pre-epidemic period from 2 p. c. to 15 or 20 p. c. and during 
the epidemic it is as high as (>() per cent, and during the post- 
epidemic period it again goes down. Under non-epidemic 
conditions, when the persons come in contact with either 
minimum quantity of the specific virus or none at all, only the 
highly suseeptibles get infected, usually the children. During 
an epidemic when the number of carriers rise to 20 per cent, 
or higher, and if the resistance is lowered by other factors, 
such as fatigue, sub-optimal nutrition, and other infections, 
the chances of infection are much increased. 

After the organisms have gained an entrance into a 
healthy person one of three things may happen, viz. (1) he 
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may become a temporary carrier and get rid of the organ- 
isms within a week ; or (2) he may develop rhino-pharyn- 
gitis and become a carrier for 4 to 6 weeks ; or (3) he may 
develop the disease. Fortunately only a very small percent- 
age of persons infected develop meningitis. 

Incubation period varies from 2 to 10 days, but is usually 
about 7 days. 

Prevention.— With our present knowledge regarding the 
causation of the disease no specific prophylactic is available 
Efforts should be made to prevent overcrowding and ensure 
proper ventilation and sufiicient sunlight in the rooms. The 
contacts should be segregated and steps taken to reduce the 
number of 'carrie^s^ Although healthy carriers are more 
responsible for the spread of the disease, it is nevertheless 
imperative that every case should be isolated so as to prevent 
any contact with healthy person. This is best accomplished 
by segregating the patient in a hospital. Swabs of the naso- 
pharynx of all contacts should be taken and bacteriologically 
examined. Since the organism is usually found in the naso- 
pharynx, antiseptic gargles have been used, but their value 
is hypothetical. During the war, exposure for a few minutes 
to the vapour of Chloramin T in a special chamber was found 
quite efficacious. Other measures are the same as described 
under influenza. 

Influenza 

Influenza is an acute specific infectious disease character- 
ised by fever, with symptoms affecting mainly the respiratory, 
digestive and nervous systems, and by severe prostration. 

History. — Every quarter of the globe has been the scene 
of visitations of epidemic influenza. The first appearance of 
the disease in Spain caused it to be known as ‘‘ Spanish 
Influenza’’ in contrast with the ‘‘Russian Influenza” of pre- 
vious epidemics. During 1918 an exceptionally widespread 
e|)idemic appeared, which affected the inhabitants of practi- 
cally every Continent. This epidemic not only caused, directly 
or indirectly , a very large number of deaths which in India 
alone were computed to exceed five millions, but left behind 
it a legacy of minor ailments with consequent widespread 
debility. 

Etiology. — The organism responsible for the epidemic of 
influenza has not been definitely identified. The weight of 
evidence still points, however, to the bacillus, called the 
Bacillus of Pfeiffer being the cause; at all events it is inti- 
mately associated with the disease. Judging from clinical 
and epidemiological stand-points, the disease which appeared 
in India was identical with the last great pandemic of in- 
fluenza which occurred in 1890-91. Pfeiffer’s bacillus, pneu- 
mococcus and streptococcus, seem to be responsible for most 
of the fatal complications of influenza. 
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Smith, Andrewes and Laidlaw* have concluded from 
experimental evidence that at least epidemic influenza in 
man is a virus disease and that various complications are 
but expressions of secondary infection facilitated by the 
primary infection. They have been able to produce a 
characteristic febrile disease in ferrets by the intranasal 
instillation of filtered nasal washings from a human case of 
epidemic influenza. This disease could be transmitted in 
series from ferret to ferret, either by natural contact or by 
intranasal instillation of filtrate of the nasal discharge. Re- 
covery is followed by immunity which lasts for about three 
months. The sera of these animals are rich in protective 
antibodies. It is yet too early to say whether an effective 
active immunity can be produced in man by the use of this 
virus with a view to reducing the incidence of influenza. 

Influenza is a disease which exhibits an intense infect- 
ivity, and an incubation period which is relatively very short, 

i.e. from 6 to 48 hours. It is commonly believed that the 
disease is spread by the infected secretions of the throat and 
nose of infected persons finding lodgment in the nose and 
throat of uninfected people. The commonestjneans by which 
this occurs is by coughing and sneezing, es'pecially in con- 
fined spaces. 

Prevention. — A. EdneaNon of the Public with regard to 
the following : — 

1. Avoid infection as much as possible. 

2. Cultivate healthy and regular habits, take regular 
exercise, eat good food, and avoid fatigue, chill and alcohol. 

3. It is most infectious in the earliest stages ; and 
coughing, sneezing, spitting and hawking in public places 
are dangerous. 

4. It is not always possible to avoid infection, but the 
risk can be lessened by 

(a) working and sleeping in well-ventilated rooms ; 

(h) avoiding crowded gatherings and close, ill-ventilated 
buildings or carriages; and wearing warm clothing. 

5. Those attacked should 

(a) either go to a hospital, or go to bed and keep warm ; 

{h) occupy, if possible, a separate bedroom ; 

(c) not return to work until convalescence is well estab- 
lished, and during convalescence be extremely careful to 
avoid chill which may induce a relapse or complications ; 

(d) avoid meetings and places of entertainment for at 
le^i^t one week after the temperature has become normal. 

B. The Closing of Schools, etc. — As regards closing of 
schools it should be remembered that if children were taken 
from well-ventilated schools they might add to the conges- 
tion of already overcrowded houses. This matter must be 


*Lancet, ii, 1933. 
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left to individual localities to settle, bearing in mind that it 
is necessary to limit the number of unnecessary gatherings 
and that it is necessary to keep up the morale of the public. 
In this connection attention should be drawn to the dangers 
associated with travelling in cars and public conveyances. 
It is believed that a fertile source of the spread of infection 
lies in overcrowded railway carriages, tram cars, etc. ; there- 
fore prevention of overcrowding should be specially insisted 
on. 

0. The Wearing of Face Masks. — Opinions are divided as 
to the efficacy of this measure; it largely depends upon their 
construction. The masks should be of very close woven 
muslin or gauze. Eecent work in America would seem to 
point to a gauze with a mesh 41 by 40 to the inch ; three to 
six layers of line muslin should form the mask and they 
should be applied so as to cover the nose and mouth com- 
pletely. The gauze is cut 8 inches wide and 23 inches long. 

The use of these masks should be made compulsory among 
nurses and attendants in hosi)itals whicli admit inlluenza 
patients, and might be adopted in houses where cases of 
inlluenza are present, and among volunteers and others who 
come in contact with the sick. 

D. Isolation. — Insistence upon isolation of inlluenza 
cases in India is impossible. Every case, however, of influ- 
enzal pneumonia should be rigorously isolated. 

E. Sprays and Gargles. — The use of disinfectant sprays 
and gargles is not recommended. Disinfectants are apt to 
remove the protective mucus of the throat and mouth, and 
to cause irritation of the mucous membrane or lining mem- 
brane of these cavities, and so predispose to the lodgment 
of infective material. They can hardly be used strong 
enough to be protective without causing violent irritation. 

F. Disinfect iofi. — With regard to the disinfection of 
infected rooms, it is now fairly established that ordinary 
cleansing with water, airing and sunning effect as much 
good as the use of actual disinfectants. All handkerchiefs, 
sheets and clothings, recently soiled, within 48 hours, (as 
drying kills the infective agent) should be boiled or other- 
wise sterilised. 

The periodic disinfection on the above lines of public 
places, e.g. railway waiting-rooms, trams, rolling-stock, dak- 
bungalows, serais, etc., which in epidemic times, may be 
taken to be infected, is also strongly recommended. 

(t. Quarantine. — A limited measure might be practised by 
local institutions, such as resident colleges, schools, asylums 
and jails. 

H. Prophylactic Vaccination. — A mixed vaccine of the 
following composition and doses was recommended by the 
War Office Committee: — 
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B. influenza 

Pneumococcus 

Streptococcus 


First dose 
30 millions 
100 

40 „ 


Second dose 
60 millions 
200 


Certain Non-communicable Diseases of Doubtful Etiology 
Bbri-Bert and Epidemic Dropsy 

Definition. — The commonly accepted definition of beri- 
beri is “A disease caused by deficiency of vitamin Bi in the 
diet’^ Unfortunately this simple and concise definition is 
not true of all the forms of disease which are called “beri- 
beri”. In the case of epidemic dropsy and other closely 
related diseases there is no evidence that deficiency in any 
vitamin is the cause of the condition, indeed many author- 
ities are of opinion that epidemic dropsy is quite distinct from 
beri-beri for the reason that vitamin deficiency plays no part 
in its causation. On the other hand there have been many 
outbreaks of disease very similar in type to epidemic dropsy 
in which equally there is no evidence of vitamin deficiency 
and yet the name beri-beri has by common consent been ap- 
plied to these. Until the doubts and dififlcultues in connection 
with epidemic dropsy and the related forms of beri-beri have 
been cleared up it seems best to employ the term beri-beri as 
indicating a disease group or disease syndrome in which two 
or more causal factors are at work. In this syndrome are 
included — (a) Vitamin Bi Deficiency Beri-beri, and (b) Food 
Intoxication Beri-beri. 

Etiology. — For many years there have been great diff- 
erences of opinion as to the causation of diseases of the beri- 
beri group and in addition to the already mentioned vitamin 
Bi deficiency view and the food intoxication view some 
observers have regarded the disease as being due to an inte- 
stinal infection or to a deficiency in the protein element of 
the diet. These latter theories are not widely accepted at 
the present time. The one common factor in connection 
with every form of beri-beri is that it is almost entirely con- 
fined to persons whose diet consists to a large extent of 
rice. In the case of deficiency beri-beri this rice is nearly 
always polished rice which has lost a large proportion of 
its vitamin Bi content in the process of milling. In the case 
of intoxication beri-beri the rice may be either parboiled or 
polished. Another feature of beri-beri is that the disease 
assumes a great variety of forms so that no two outbreaks 
arer exactly similar to each other. The disease ranges in 
severity from very mild to rapidly fatal. An important 
feature is that a number of people who are living on the same 
diet or same kind of diet are usually attacked at the same 
time. Everyone who is eating this diet is not necessarily 
attacked as certain persons are more susceptible than others. 

The disease attacks both sexes ; it is less common among 
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the very young and very old, but the vitamin deficiency 
form is common among suckling infants in certain parts of the 
world. Outbreaks are common in prisons, asylums, labour 
forces and other collections of human beings living on the 
same kind of diet. The disease may occur at any time of the 
year but it is especially frequent during hot and damp 
weather, particularly during and after the rains. 

Distribution. — Beri-beri is endemic throughout the 
greater part of the Far East, also in Burma, Ceylon and 
the North Eastern Provinces of the Madras Presidency. 
Localised outbreaks are liable to occur in most parts of the 
tropics and subtropics where rice enters largely into the 
diet. 

Glassification. — In the present state of our knowledge it 
is impossible to make a definite chassification of all the forms 
of beri-beri which occur, but most of the cases can be 
provisionally placed in one or other of the following classes 
of which the chief features are given. 

Bkri-beri Disease Group 


Vitamin deficiency 

beri-beri. 

Food-intoxication beri-beri 
including epidemic dropsy. 

Endemic in most places in the 
Far East and in the North 
West of the Madras Presi- 
dency. 

Usually associated with a diet 
consisting largely of over- 
milled polished rice. 

Chief symptoms are poly- 
neuritis with loss of knee jerks 
and weakness of the limbs; 
oedema is frequent. 

Infants are often affected. 

Occurs as outbreaks chiefly 
in Bengal, Assam, Burma, 
Bihar, but also in many other 
places. 

Usually associated with a diet 
of parboiled rice. 

Chief symptoms are gastro- 
intestinal disturbances follow- 
ed by dropsy and cardiac 
symptoms. 

Infants are rarely affected. 


The preceding table must be regarded as being strictly 
provisional and public health officers ought in every case 
to maintain an open mind as to whether vitamin deficiency 
or food intoxication is the chief factor concerned in the 
outbreak. When doubts exist he should take steps which 
will be adequate to control the outbreak whatever the 
cause. 

Symptomatology.— At the outset there is usually some 
gastro-intestinal disturbance though in mild cases this may 
be so slight as to be overlooked. In the vitamin deficiency 
types the next symptom is the development of polyneuritis 
with gradual loss of the knee jerks, weakness of the limbs, 
wasting of the muscles and tenderness on pressure over the 
calves. In severe xBases there is also progressive dyspnoea, 
oedema of the feet and legs sometimes extending to the trunk 



592 


HYGIENE AND PUBLIC HEALTH 


and the whole body. In these cases evidence of cardiac dis- 
turbance will be found consisting of palpitation and physical 
signs of dilatation of the heart. Some cases are so slight as 
to be of trivial importance, but in others the signs of heart 
failure appear quickly and progress rapidly. Gases of sudden 
death are not uncommon. 

Epidemic Duopsy 

Epidemic dropsy is a clear example of the food intoxi- 
cation type of beri-beri and by some it is considered to be 
different from beri-beri for the following reasons : — (1.) There 
is no evidence of vitamin deticiency in the diet; (2) gastro- 
intestinal symptoms are more pronounced than in endemic 
beri-beri ; (3) irregular fever is often observed ; (4) in most 
outbreaks the knee jerks are present in the great majority 
of cases throughout tlie course of the disease though in some 
outbreaks they have been absent in as many as 50 p. c. of 
the cases ; (5) glaucoma is a frequent complication in some 
outbreaks ; (O) erythematous skin eruptions are common 
in some outbreaks; (7) infantile epidemic dropsy is rare; 
(8) the disease is associated with a diet ,of parboiled rice 
rather than with one of over-milled polished rice. 

These points of distinction at first sight appear to justify 
the exclusion of epidemic dropsy from the beri-beri disease 
group, but on the other hand very similar outbreaks occur in 
other parts of the world where they are invariably described 
as beri-beri. Also it is inherently improbable that a distinct 
disease of rice eaters should be confined in its distribution to 
certain parts of India. It appears preferable in the present 
state of our knowledge to regard epidemic dropsy as belong- 
ing to the beri-beri disease group and to clsssify it as an 
intoxication form of beri-beri. 

Epidemic droi)sy was first described by Colonel K.McLeod 
I.M.S. who wrote an account of the disease as it occurred in 
Calcutta in the years 1877-1880. It appeared in Assam in 
1878 and in Mauritius in 1879. McLeod believed that the 
disease was infectious and was conveyed to Assam and Mau- 
ritius by labour forces which Avere sent to these places from 
Calcutta. In the light of recent experience it seems more 
probable that the disease was conveyed by rice which must 
have been sent from Calcutta by the ships and trains which 
transported both the coolies and their food supplies. Epi- 
demics have appeared in Calcutta and its suburbs in many 
yeo-rs since 1878 and during the past few years outbreaks 
have been increasingly frequent, probably owing to the 
greater use of rice which has been stored after manufacture 
in the numerous rice mills which have sprung up in and 
around Calcutta. Outbreaks have occurred in many places 
in southern Bengal and Assam. There have also been a good 
many isolated outbreaks among domiciled Bengal com^ 
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munities in Bihar and the United Provinces. The disease is 
specially common in rainy seasons and in the following cold 
weather, it usually disappears towards the end of the cold 
season. It is undoubtedly a food intoxication. The poison 
which causes the disease is generally believed to be pro- 
duced by the action of a microbic agency on stored rice. 
For many years suspicion has fallen on adulterated mustard 
oil as the cause of the disease, and recently Dr. R. B. Lai 
has produced evidence which supports the view that in 
certain conditions even pure mustard oil may become toxic. 
The mustard oil theory cannot however account for the 
outbreaks of food-intoxication beri-beri which occur among 
persons who do not use mustard oil as an article of diet. 

The agricultural villagers who still store their rice in the 
form of “padi” and prepare only small quantities at a time 
for domestic use are remarkably exempt from the disease, 
although there is some evidence which suggests that even 
‘"padi” when stored in unfavourable conditions may become 
toxic. Even when the disease is intensely prevalent in a 
locality the people who do not eat rice remain free from the 
disease, and the evidence available is rather strongly op- 
posed to the view that it can be communicated directly from 
man to man as an intestinal infection. 

Outbreaks are liable to occur with remarkable suddenness 
in institutions or among groups of persons eating food from 
the same source of supply. Although the disease assumes a 
great variety of manifestations, oedema of the feet and legs, 
palpitation and dyspnoea are universally present. When 
several persons suffer from these symptoms at the same time, 
as is usually the case, the diagnosis is easy. 

Prevention and Control of Beri-beri and 
Epidemic Dropsy 

Whatever views may be held as to the causation of 
these diseases, an investigation should always be made 
from two points of view, viz. (1) The possibility that 
the diet is deficient in vitamin Bi ; this is specially likely to 
be the case when the disease is endemic among eaters 
of over-milled polished rice. (2) The possibility of the rice 
having become toxic during storage. This is likely to be the 
case in sudden outbreaks. 

All forms of the disease will be controlled with certainty 
if the use of rice is strictly prohibited and if a diet is pro- 
vided containing a sufficient amount of all the necessary 
vitamins and other nutritious ingredients. When people are 
actually suffering from the disease these steps should be 
taken at once and if the damage to the body tissues has not 
progressed too far the result will invariably be an arrest of 
the disease. If it is found impracticable to eliminate rice 
from the diet in affected institutions, etc., the existing 
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supplies of rice should be condemned and replaced by rice 
which is known to be above suspicion. The total quantity of 
rice should at the same time be diminished to the greatest 
possible extent, and ata, dal, milk, vegetables, etc., should 
be increased to compensate for tlic reduction in the quantity 
of rice. If suspicion should fall on the mustard oil, a fresh 
supply of oil of known purity should be obtained and the 
suspected mustard oil should be used for external applica- 
tions. In the vast majority of cases these measures will bo 
found to control the disease in a prompt and satisfactory 
manner. 

General Points. — In places where beri-beri is endemic or 
where outbreaks of epidemic dropsy occur, the public health 
oflicers should advocate the following reforms in connec- 
tion with diet. 

(1) Diminution in the quantity of rice consumed ; 

(2) the substitution of undermilled for over-milled rice ; 

(3) an increase in the quantity of wheat, milk and fresh 
vegetables in the diet ; 

(4) the storage of rice in dry, well- ventilated storehouses 
in the form of ‘padi’ ; 

(5) great care should be taken to store manufactured 
rice in clean, dry places and to insure that the rice is con- 
sumed as soon as possible after storage ; 

(6) the storehouses in which rice has been kept should 
be completely emptied and thoroughly cleansed and dried 
before a fresh stock of rice is put into them. The practice 
of adding fresh supplies of manufactured rice to the remains 
of old stock in a storehouse is most objectionable as the 
fresh supply is likely to become infected from the old grain. 

Diseases of Animals Conveyed to Man 
Kabies 

Babies or hydrophobia is an acute, specific disease 
communicated from a rabid animal to a susceptible animal, 
usually through a wound produced by biting. It is however 
only in the case of man that the term ‘^hydrophobia^^ should 
be applied as the fear for water is only observed in human 
beings. 

Etiology.— Although all mammals are susceptible to 
rabies, it is generally contracted by man from some domestic 
aijimals, usually dog. Some of the worst cases of hydro- 
phobia in India are due to the bites of mad jackals. The 
infection is usually conveyed through a bite ; but since the 
specific poison is contained in the saliva of animals suffering 
from the disease, infection may be conveyed by simple lick- 
ing, should there be any sore or abrasion on the skin. 

Babies exists practically all over the world, but it has 
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been stamped out by strict regulation in England and 
Grermany. In India where every village is overrun by large 
numbers of unowned pariah dogs and where jackals abound, 
the question of reducing their number will be evident from 
the figures of the Pasteur Institute at Kasauli where 1.7,500 
people were treated during the period 1902 to 1912, and of 
these about 15,000 cases were from bites by dogs, and 2500 
by jackals ; the remaining cases being due to bites by horses, 
cats, cows, etc. In 1927 there were 2,342 recorded cases of 
deaths from rabies as against 2,278 in 1920. The Pasteur 
Institute of Calcutta at the School of Tropical Medicine 
treated 5,585 cases in 1925, and in 1935 no fewer than 10,426 
persons attended the Institute. The above, however, is not 
by any means the exact figure showing the actual number of 
cases, as the poor and the uneducated hardly ever avail 
themselves of the Institute, but have recourse to local 
indigenous treatment. 

The Virus. — The disease is due to a filtrable virus first 
described by Negri who believed it to be a protozoon parasite 
in a certain stage of its development. On the other hand 
others look upon it as a degeneration product, the result 
of the disease or, at the most, comparable to other cell 
inclusions whose nature is uncertain, but which, as a class, 
are not regarded as parasites. 

Seat of Virus. — At the autopsy of the man or animal 
dead of rabies the poison is always found in the brain, medulla, 
cord, and the peripheral nerves. The virus is present in the 
salivary glands whence it passes to the saliva. The presence 
of the virus in the saliva greatly depends on the site of the 
inoculation. If the dog is inoculated in the eye the saliva 
becomes virulent three days before appearance of the 
actual symptoms of rabies. Once the symptoms have set in, 
the animal never lives longer than ten days. 

Incubation Period. — This is extremely variable. The 
average period is as follows : Man, forty days ; horse, twenty- 
eight to sixty days. In dogs it varies from 16 to 90 days ; 
though the symptoms appear between the 25th to 55th day 
after the bite. It is therefore necessary to segregate the 
dog bitten by a rabid animal for at least three months and 
kept under observation for another three months. This is 
the practice followed in England. 

The incubation period depends upon : — 

1. Site of the wound. 

2. Kelation of the nerve. • 

3. Amount of the virulence of the virus. 

It is probable that the long period of incubation is due in 
part to the fact that the living principle reaches the central 
nervous system, but remains dormant until favourable condi- 
tions help multiplication and the production of toxic effect 
(Joseph Koch). 
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Prophylaxis. — This may be coowsidered under three 
heads : — 

1. Treatment of the wound. 

2. Control of disease in dogs. 

3. Pasteur prophylactic treatment. 

1. Treatment of the Wound. — As soon as possible after 
the bite, the wound should be well washed, dried and then 
thoroughly cauterised by carbolic acid. If this is not avail- 
able, crystals or saturated solution of permanganate of 
potash, pure nitric acid, or nitrate of silver may be used. 
But these are not so efficient as carbolic acid. 

To thoroughly cauterise a wound, each separate tooth- 
mark should be dealt with in turn and care taken that the 
caustic actually comes in contact with the sides and pene- 
trates to the bottom of the wound. Sometimes it is necessary 
to open the wound to allow the caustic free access to every 
part in which the virus may be lodged. Where there are 
definite teeth marks a probe should always be used, but care 
should be taken that the skin is not too extensively de- 
stroyed. 

2. Control of Disease in Dogs. — Since by far the largest 
number of cases of rabies are caused by dogs, it follows that 
attention should be paid to the elimination of rabies amongst 
the dog population. This is attained by the muzzling 
and quarantine of dogs, and is by far the best method 
of preventing and exterminating the disease. In England 
the disease entirely disappeared with the introduction of 
compulsory muzzling and quarantine for six months of all 
imported dogs. Besides these the following additional mea- 
sures may be adopted to control the disease in dogs, vis^. (a) 
destruction of all ownerless dogs by suitable arrangements, 
e.g. in lethal chambers ; (b) owners held legally responsible 
for damage infiicted by their dogs ; (c) compulsory notifica- 
tion of all cases of suspected rabies ; and (d) registration 
and licensing of all dogs by all municipalities and district 
boards, and any one possessing a dog not licensed heavily 
fined. It is therefore apparent that for successful control of 
rabies an earnest co-operation between the State and the 
public is necessary. 

3. Pasteur Prophylactic Treatment.— -The wound having 
been efficiently cauterised, the question of giving the person 
bitten the Pasteur treatment should be decided. 

The physician should be guided by the following 
, (a) Dog is Dead and was Bahid.—JJ nder these circum- 
stances all persons bitten or licked on definite cuts or abra- 
sions should be treated. Contact of saliva on healing wounds 
is devoid of any danger. 

(6) Dog is Suspected of Babies. • — It is popularly believed 
that the brain of the suspected dog should be sent to a labora- 
tory and if the result be positive, the patient should then 
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proceed for treatment. Little reliance is placed even if the 
microscopical test be negative. Therefore when the dog is 
dead, and the symptoms are at all suspicious of rabies, it is 
necessary to go through the treatment. 

(c) Bog is Unknown , — Sometimes a dog suddenly rushes 
forward and bites a person, and nothing more is seen or heard 
of the dog. In case of unprovoked attack one should assume 
that the dog was rabid, and the patient should be treated. 

(d) Bog is Alive . — Under no circumstances should the 
dog be killed, for by so doing one of the most important signs 
of rabies, viz. the short duration of life (two to three days), 
is lost. 

If the animal shows no symptoms and remains alive and 
well for ten days, the saliva cannot have been infective and 
the person bitten requires no treatment. If, however, the 
dog while under observation during these ten days appears 
ill or dies, it may be surmised that it was rabid. 

The object of the Pasteur treatment is to secure active 
immunity against the disease by injecting gradually increas- 
ing doses of the rabies poison into the patient during the 
long interval that usually intervenes between the bite of a 
rabid animal and the development of the symptoms of hydro- 
phobia. Unless perfect immunity can be secured during the 
incubation period the treatment will fail. It is useless when 
once the symptoms have developed. No time therefore should 
be lost in putting the patient under proper treatment. The 
different provinces have now adopted the policy of decentra- 
lisation of anti-rabic treatment, and instead of sending the 
patient to the different Pasteur Institutes, the vaccine is 
now available for treatment at all Sadar, Municipal and 
District Board dispensaries and in the principal hospitals 
in the cities. Of late etherised vaccine has been recom- 
mended in preference to dead carbolised vaccines but it 
has no special advantage. The modified procedure recom- 
mended by Semple at Kasauli is to make an 8 per cent, 
dilution of the medulla of rabbits which have died after 
inoculation with rabies, in normal salt solution to which 

1 per cent, carbolic has been added. This is kept for 
twenty-four hours at 37®C. ; then diluted with equal volume 
of sterile normal salt solution and stored in a cool place 
away from light. Thus the vaccine is a 4 per cent, dilution 
with 0.5 per cent, carbolic. Semple’s original treatment 
consisted of daily injections for 14 days. These were 
not followed by any fever and the patient was not incon- 
venienced in any way, and need not be confined to the horfse. 
The dosage now employed is adjusted to the estimated 
severity of the bite ; courses of treatment varying from 
7 to 21 days, and the strength of the vaccine varying from 

2 p.c. to 5 p.c. passage brain. Sheep’s brain is now used 
for bulk production of the vaccine. 
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Diagnosis of Rabies in Dogs.— This may be done in three 
ways : — 

1. From the symptoms. 

2. From the presence of Negri bodies. 

3. By animal inoculation. 

1. The course of the disease may be divided into 
three stages : premonitory stage ; stage of excitement ; and 
paralytic stage. The lirst two stages may be transient or 
absent, when it is generally known as ‘Miimb or paralytic 
rabies.” The first symptom noticeable is a change in the 
disposition of the animal and a change in the character of 
the bark. The animal prefers dark corners. Before tlie dog 
shows any outward manifestation, it will bite a stick held 
before it. It is easily excited and becomes restless and 
subseciuently may become furious and even show signs of 
delirium. It rushes about attacking every object, and dogs 
suffering from furious rabies often run long distances (20 
miles or more) biting and inoculating men and animals on 
the way. Paralysis, however, soon sets in, first starting on 
the hind legs and then becoming general. The course of the 
disease is always rapid, from four to five days, rarely 
exceeding ten days. 

2. Tlie presence of Nerfri hodies in the brain of rabid 
dogs is constant and is considered as j)ractically conclusive 
evidence of the existence of rabies. These bodies should 
always be searched for. In the search for Negri bodies 
the following rules should be observed : — 

(a) Do not kill the animal immediately after it bites the 
victim, but keep it under observation for ten days. If it re- 
mains healthy, this is absolute proof that the animal was 
not suffering from rabies. If, however, the animal shows 
signs of illness, either allow it to die naturally or kill after 
three or four days. 

(b) Do not shoot the animal in the head. Remember if the 
brain is destroyed, or blown out, or badly damaged it may 
render satisfactory examination impossible. 

(c) Send the Avhole head to the laboratory well packed in 

ice. 

3. The diagnosis by inoculation test has been given up 
in favour of the foregoing methods, as this requires so much 
time (owing to the long period of incubation) that it is of 
DO practical value in deciding whether or not the Pasteur 
treatment should be adopted. 

‘ Anthrax 

Anthrax is an infectious disease of animals, but transmis- 
sible to man, caused by Bacillus anthracis, which occurs in 
the blood of infected individuals, and in the soil and various 
other materials after these have been contaminated. 

The most dangerous are dusty wools and those containing 



ANTHRAX 


599 


fallen fleeces. The following wools are dangerous : (l) East 
India or goat’s hair, (2) Persian wool, (o) East India wool, 
(4) Turkey mohair, (5) Russian camel hair, ((>) Cape mohair, 
(7) Alpaca. 

The bacillus when exposed to air rapidly forms spores. 
These spores are encapsulated and are resistant to heat 
and disinfectants, and are far more diflicult to destroy. 
Countless numbers of these spores are enclosed in the dried- 
up clots and serous discharges which saturate hides, hair, 
etc., of animals which have died from this disease. 

The infection assumes various forms. Thus cutaneous 
anthrax, or malignant pustule is formed by inoculation or 
contamination of open wounds, the most common sites being 
the face, neck or upper extremities. Pulmonary anthrax, or 
wooJsorter^s disease with symptoms of septictemic infection ; 
and intestinal anthnix caused by the infection being carried 
into the intestine giving rise to fever, vomiting, pain, 
dyspncea and cyanosis ; this is rather rare. The last two 
varieties are generally known as internal anthrax. 

Anthrax in Lower Animals.— Most of the domestic ani- 
mals are liable to the disease and are infected in the same 
way as man. Sheep and goats are most susceptible to infec- 
tion by inoculation or ingestion. Cattle are easily infected 
through the alimentary canal. Cold-blooded animals, birds, 
dogs and cats offer considerable resistance. 

The discharges of the infected animals may contaminate 
the grass, and the spores under suitable conditions live for a 
long period. Healthy animals feeding on infected pasturage 
may become infected through abrasions or wounds in the 
mouth. The infection is usually carried through food con- 
taminated by the bowel and other discharges of diseased 
animals. 

The is usually 2 to 5 days. 

Etiology. — Man is usually infected from wool, hair, hides 
and skins. The sj)ores may also hk carried into the mouth 
in breatliing or swallowing, and into the skin through some 
cut or oi)en wound. Therefore tanners and others who work 
in hides and skins are liable to infection. Infection is also 
common during killing or skinning diseased animals. Cases 
are also on record where the infection occurred by using 
infected shaving brushes. It has been suggested that the 
poison may be carried by flies and other insects. 

Washing does not exclude the danger of anthrax by re- 
moving the blood and dirt, and it has been shown that free 
bacilli ill the water subsequently contaminated the wool. ^ In 
the worsted industry more cases occur after washing than 
before, and in the woollen industry after carding than before 
this operation. When looking for anthrax bacillus in hairs, 
etc., which are supposed to have given rise to infection, such 
samples should be selected which give the chemical reaction 
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for blood. Moreover it has been found that blood-stained 
material, even when well washed, and the dust arising there- 
from, are the usual means of spreading the spores. 

Prevention. — Proper prevention of anthrax implies con- 
trol of disease in animals. All animals suspected of suffering 
from the disease should be isolated and whenever possible 
killed. The carcase should be burned or buried unopened 
with lime, at least six feet under the ground. As the bacilli 
do not produce any spores in the absence of oxygen and are 
mainly found in the blood and internal organs, it is important 
that dead animals should not be opened or any blood shed. 

As several cases of anthrax have been reported from the 
use of shaving brushes, these should be looked upon with sus- 
picion unless they bear the imprint of the manufacturer. They 
are sterilised by soaking at a temperature of 110® P. for four 
hours in 10 p.c. solution of formalin and the brush so agitated 
as to bring the solution in contact with all the hairs ; or by 
washing in warm water with soap and washing soda, followed 
by immersion for half an hour in warm weak soda solution. 
Anthrax spores imbedded in the handles of shaving brushes 
are usually inaccessible to disinfection. 

The Anthrax Prevention Act of 1919 regulates the 
importation into the United Kingdom of certMn goods likely 
to be infected with anthrax. It is declared : That all goat hair 
produced in or exported from or through Igdia, and all wool 
and animal hair produced in or exported from or through 
Egypt, including the Anglo-Egyptian Sudan, and all goods 
mixed therewith, are goods likely to be infected with anthrax, 
and that such goat hair and wool and animal hair and all 
goods mixed therewith are considered as infected goods and 
are required to be disinfected at the port of Liverpool. 

The ‘Duckering’ disinfection process is considered to be 
the most reliable method of treating imported wool and hair. 
This implies (a) warehousing the material, (b) disinfection, (c) 
re-baling, and (c?) recovery of the grease from the soapy 
effluent. 

The operations of disinfection, etc., are carried out as 
follows : — 

1st stage. Preliminary treatment.— This consists of agita- 
tion by means of rakes for half an hour in soap water solution 
containing some alkali at a temperature of 102® F. By this 
means the spores are rendered susceptible to the action of 
disinfectants and cleanses the wools. 

2nd stage. Disinfection. — The material is agitated as 
before for twenty minutes in a 2^ p.c. formalin solution. By 
this process the bulk of the spores is destroyed. 

3rd stage. — This consists in drying in a current of hot 
air at a temperature not higher than 160® F. As the moisture 
is driven off most of the surviving spores are destroyed. 

4th stage. — The wool is conveyed to the cooling machine 
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where it is cooled in a current of cool air. The wool stands 
for some days to ensure further destruction of a few surviving 
spores by the formalin solution. 

Other preventive measures are : — 

1. Educating the workmen regarding the nature and 
fatality of the disease. 

2. All foreign hairs and hides from infected or suspected 
places should be scheduled under the special rules. 

3. Dry hides and skins should be covered in canvas 
bales, and handling reduced to a minimum by making 
arrangements for their mechanical removal. 

4. The hands of workmen should be free from abrasions 
and protected by gloves which should be disinfected after 
use. 

5. The substitution of wet for dry hides. 

6. Hides should not be carried on the shoulders. 


Diseases due to Contact Infection 
Leprosy 

A disease caused by the growth of Bacillus leprce (My- 
cobacterium leprce), commonly called the leprosy bacillus, 
in the body, and the reaction of the tissues to its presence. 

History. — The disease is of great antiquity, and there is 
some evidence that it is of comparatively recent introduction 
into Europe ; possibly it was imported from Egypt. The first 
allusion of the disease in England refers to about the year 
950. Very soon after leprosy began to decline in Europe it 
spread to the West Indies, and the northern parts of South 
America and Mexico,, being carried by infected Portugese 
and Spanish invaders, and later by Negro slaves and Chinese 
and Indian immigrants. It is interesting to note that the 
aboriginal American Indians are free from leprosy. 

Nearly all the countries with the highest incidence of 
leprosy are situated in humid, hot tropical areas of Africa, 
Asia and America. 

The evidence of the existence of leprosy in India in 
remote periods is of a more definite character. Reference is 
made to leprosy in the 14th and 16th centuries n. c. and 
facts are accumulating to show that the disease found its 
way to Greece through Asia Minor. 

Leprosy now is more or less a disease of the tropical and 
subtropical countries, and with the exception of a few insig- 
nificant islands it appears to be an important factor in the 
pathology of nearly all warm climates. 

Heider estimated the lepers of the world at about two 
millions. The census of 1921 estimated 102,513 lepers in 
India, but these figures were collected by enumerators 
unskilled in the diagnosis of the disease. Recent surveys 
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carried out by expert workers indicate that the actual num- 
ber in India is from a half to one million. ^ 

The disease has been recently introduced into certain 
virgin soils. For instance in the Sandwich Islands it was 
unknown before 1818 and in New Caledonia until 1865. 

B. leproi was first described by the Norwegian leprologist. 
Hausen (1871). Previous to this the general view held was 
that leprosy was a hereditary disease, though Hutchinson 
held that it was caused by the eating of decomposing fish. 

Etiology. — Leprous lesions are the result of the response 
of the tissues, possibly mainly cells of the reticulo-endothelial 
system, to B. Jeprw. The degree of this celullar response 
varies in individuals and in each individual it varies from 
time to time. The greater the resistance of the patient to 
the disease, the greater is cellular response. While weak 
cellular reaction to B. leprcc in the tissues leads to ingestion 
of the bacilli by the cells, in the cytoplasm of which they 
tend to multiply, a strong cellular reaction is accompanied 
by phagocytosis and destruction of the bacilli. Thus any 
debilitating cause in an already infected subject may lead 
to the multiplication and spread of the bacilli ; while the 
removal of debility may be followed by strong cellular reac- 
tion and destruction of bacilli. 

Seeing that leprous lesions are caused not by toxins 
given oft* by the bacilli but by cellular reaction to the bacilli, 
lesions may be clinically inconspicuous and unrecognisable 
during a period of depressed resistance due to some other 
accompanying diseases, although during this period the 
infection is increasing and si)readiug rapidly. Eecovery from 
debility may be accompanied by increase of clinical signs 
as the tissues react more powerfully to />. Japree in their 
neighbourhood. Leprous lesions therefore often more or 
less disappear during accompanying illness and appear con- 
spicuously during convalescence. 

During the first few years of life also, resistance to 
leprosy is depressed, and young children born of le[)rous 
parents, or who otherwise come in contact with infection, 
are particularly susceptible. In such children the infection 
may be broadcast throughout the body, but definite lesions 
may only begin to appear when the susceptible age is past. 
These become as a rule the advanced infectious cases of the 
next generation ; whereas patients who have been infected 
in adult life generally remain non-infectious cases, unless for 
any reason their general health becomes seriously impaired, 
and the infection has thus an opportunity of spreading. The 
control of leprosy is therefore very largely a matter of pre- 
venting the infection of young children. If this were uni- 
formly possible leprosy would probably disappear within a 
few generations. 

In leprosy, as in tuberculosis, small infections with bacilli 
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tend to increase the resistance, while large infections depress 
it. It is therefore exceedingly important that isolation from 
infection and the beginning of treatment should take place 
as early as possible before the threshold of lowered resistance 
has been passed. 

Though leprosy may involve the internal organs, it is 
principally a disease of the skin and the peripheral nerves. 
It takes a greater degree of resistance to evoke a cellular 
response in the nerves than in the skin. In moderately resis- 
tant cases therefore the infection is unable to flourish in the 
skin, the bacilli being destroyed by the cellular response 
which tlieir presence evokes. In the less resistant nerves 
however bacilli are able to survive ; as a rule they appear to 
enter the sensory nerves at their skin terminals and spread 
up till they reach the nerve trunks. Hence the formation of 
nerve leprosy in moderately resistant ])atients. 

Prophylaxis and Leprosy Control.— While tuberculosis 
is principally a disease of congested towns and industrial 
areas, leprosy is in India a disease of the villages. It is 
most common in famine areas and in regions where semi- 
aboriginals form a large proportion of the population. These 
people have abandoned their tribal health laws which for- 
merly kept them free from infection. They leave their poor 
soil, especially in famine years, in search of work in crowded 
towns, and there contract the disease from fellow labourers 
from highly endemic areas. Later they return to their 
villages and spread the disease there. The reverse takes 
place when labourers from higlily endemic areas go to work 
iuliitherto leprosy-free areas and infect the local inhabiiants. 
This process of infection has been increased and speeded 
up of recent years due to the imi)rovement of communications 
and the facilities for road and rail traflic. 

In attempting to control leprosy it is important to make 
a clear distinction between infectious and non-infectious 
cases. The latter are those in which acid-fast bacilli cannot 
be found on routine examination of the skin and nasal mucosa ; 
the infection being chieHy conrtned to the nerves and there- 
fore not likely to spread to contacts. Eecent surveys of 
villages in highly endemic areas of Bengal show on an 
average 80 per cent, of non-infectious, 10 per cent, of slightly 
infectious and 10 per cent, of highly infectious cases. 

There are probably at least one million people with 
leprosy in India, ])robably some 200,000 of which are infec- 
tious cases. In the leprosy asylums, homes, hospitals and 
colonies at present in India there is accommodation for only 
between 5 and 6 thousand cases. Obviously therefore leprosy 
cannot be controlled by institutional isolation alone. Even 
if sufficient accommodation and money were available, 
nothing short of compulsion would lead the majority of 
patients to enter institutions; and compulsion widely applied 
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has always been found to defeat its own end by leading to 
concealment of the disease. 

Institutions are necessary for certain cases, especially 
those who are suffering from “lepra reaction^’ and from 
other accompanying diseases, and for those who require 
surgical treatment. But the disease can much more suitably 
be controlled by locally supported clinics and by locally 
organised educative campaign, with a view to the treatment 
of all cases and the isolation of all infectious cases inside the 
village areas. In Bengal, the Union Board area has been 
found the most suitable unit for organisation of such leprosy 
control centres. 

The control of leprosy in the towns must depend to a 
large extent on its control in the villages. Even were it 
possible to remove to effective isolation colonies the thou- 
sands of beggar lepers in our large cities, the problem would 
scarcely be touched thereby. Unless preventive police 
measures are adopted their place would soon be taken by 
other leper beggars or those at present potential beggars 
from the surrounding districts and provinces. Besides this 
the spread of leprosy is only to a slight extent dependent 
on beggars; the real source of infection is in the homes 
where the disease is spread by infectious relatives, servants 
and neighbours, chiefly due to the ignorance of the public 
regarding the disease. 

In India the control of leprosy along lines similar to those 
sketched above should be an integral part of the Public 
Health organisation in every endemic area. Leprosy, once 
it has passed the threshold of lowered resistance, is one of 
the most difficult diseases to cure; but with properly or- 
ganised public health units it should be one of the easiest 
diseases to prevent and control. 

Venereal DIvSeasevS 

Under this are included syphilis, gonorrhoea and chan- 
croid or soft-sore. Of these, the first two diseases are of 
very great public health importance. They are widely pre- 
valent throughout the world and lead to several grave conse- 
quences. It is estimated that in most countries about 8 to 10 
per cent, of the population are infected and in India about 
600,000 cases are treated every year in the Government 
institutions alone. The latter figure is but a fraction of the 
total number of the cases occurring in the country. As 
regards the public health importance of these diseases it is 
neehless to point out that they cause not only physical, 
mental, moral and social degradation of the individual 
attacked with them, but also lead to the disruption of the 
peace and happiness of the family and the deterioration of 
the health, vitality and physical progress of the community. 
It is well-known that venereal diseases are responsible for 
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35 per cent, of all insanity, 40 per cent, of mentally defec- 
tives, 40 to 60 per cent, of blindness, 50 per cent, of sterility, 
30 to 40 per cent, of abortions and miscarriages, and a high 
percentage of diseases of the heart, blood vessels, and the 
nervous system. Despite these serious consequences it is 
unfortunate that in all countries of the world the public and 
the public health officials do not give these diseases the 
same amount of attention as they give to other communica- 
ble diseases. Knowing that venereal diseases are preven- 
table, it should be the clear duty of the public health officials 
not to discriminate between these and other communicable 
diseases. No useful purpose will be served by refusing to 
accept facts and face disagreeable truths. Every public 
health scheme before it can be called complete or satisfactory, 
must include a campaign against venereal diseases and al- 
though the measures of control may be difficult to enforce 
and beset with many practical difficulties, and consequently 
the progress very slow, yet there is no doubt that if judi- 
ciously and persistently applied, good and lasting results will 
ultimately be achieved. 

Syphilis. — It is an infectious disease running a pro- 
longed course, with lesions and symptoms of extraordinary 
diversity and capable of being divided into four distinct 
stages— primary, secondary, tertiary and quaternary. The 
primary stage generally starts within 2 to 4 weeks of 
infection and is characterised by the development of a 
chancre and the enlargement of lymphatic glands. The 
secondary stage comes on 6 to 12 weeks after the primary 
stage and is characterised by cutaneous lesions (macular, 
papular or squamous and rarely vesicular or pustular), en- 
largement of the lymphatic glands and affections of eyes, 
joints and bones. The tertiary stage comes on 2 to 3 years 
after the secondary stage and is characterised by ulcerating 
and necrotic lesions of the skin and gummata of the internal 
organs. The quaternary or parasyphilitic manifestations come 
on after 10 to 20 years and are characterised by disorders 
of the nervous system, such as general paralysis of the 
insane and tabes dorsalis. 

The incubation period is generally 2 to 4 weeks — may be 
3 months — the average being 25 days. 

History. — The first authentic record of syphilis dates from 
1495. A severe epidemic of the disease occurred in Europe 
and was attributed to Columbus' crew bringing it from 
America. It was then known as ‘‘Morbus gallicus’’ or French 
pox. Since then there are a number of important landmarks 
which deserve special mention. In 1496 it was recognised 
that the transmission of syphilis was by sexual intercourse. 
In 1903, Metchnikoff and Koux demonstrated that apes could 
be infected and that the infection can be prevented by the 
use of calomel ointment. In 1905, Schaudinn discovered the 
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eetiological agent Treponema pallidum. In 1906, Wasserinann 
elaborated a serological test now known as the Wassermarin 
reaction for the diagnosis of the disease. 1910, Ehrlich dis- 
covered Salvarsan for the cure of the disease. 1911, Noguchi 
cultivated the organism in a pure state and described methods 
for the differentiation of the organism from other spirochtetes. 

The cetiological agents Treponema pallidum, is a thin deli- 
cate actively motile spirochmte with tapering ends, 4 to 14/« 
long and 0.25/< thick. It has 10 to 12 regular, closely-set 
spirals each of which is about Ifi long. The organism is very 
frail and is killed readily by moist heat (in 1 hour at 51^0.), 
by drying and by weak antiseptics. It is known to remain 
alive for half to one hour in a drinking glass, 11 to 12 hours 
in moist towels, and for a few days in the tissues and body 
fluids kept under laboratory conditions. 

Source of Infection. — This is generally an infected person. 
The nature of the infective material varies with the stage of 
the disease. In the primary stage the chancre and the 
lymphatic glands are full of spirochictes and at times also 
the blood ; the infectivity is high at this stage. In the 
secondary stage all lesions, the blood, the lymphatic glands, 
saliva and the semen contain spirochretes ; eases in this stage 
are highly infective. In the tertiary stage the gurnmata 
contain relatively few spirochictes and the infectivity of the 
case is relatively less. In the (|uaternary stage the spiro- 
ch^etes are mostly in the brain cortex and the infectivity is 
least. While a syphilitic with lesions is infective, a person 
with no lesions may also transmit the disease. Often the 
semen contains the spirochictes after apparent cure. The 
infectivity is highest in the first two years of the disease 
and then it gradually gets less and less year after year. 

Mode of Spread. — This may be either direct or indirect. 
Direct infection may be acquired through adulterous relations 
of venereal origin, through marriage (one or other party being 
infected), or congenitally by foetus in utero, through a wet- 
nurse, or accidentally through abrasions. Indirect infec- 
tion may arise from the use of infected clothing, towels, 
razors, surgical, dental and tattooing instruments, pipes, 
drinking glasses or through the hands of physicians, nurses 
and midwives. 

Gonorrheea. — It is an acute infectious disease charac- 
terised by inflammation of the urethra, painful micturition, 
purulent discharge and a liability to certain complications, 
suck as ophthalmia, endocarditis and arthritis. 

The incubation period is 1 to 3 days. 

Etiological Agent. — The causal organism which was dis- 
covered by Neisser in 1879, is a gram-negative diplococcus 
known as Neisseria gonorrhoece. In 1885 Bumm cultivated the 
organism in serum media and the rough experimental in- 
oculation of the organisms into human urethra demonstrated 
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its fBtiological role. The organism is not infective to other 
animals. The resistance of the organism is low ; being killed 
at 55<^C. in a few minutes or when dried or exposed to air. 
Cultures of the organism in the laboratory lose their viru- 
lence very soon. 

Source of Infection. — This is generally a case of gonorrluea. 
In man the urethral discharge, and in woman the urethral, 
vaginal and cervical discharges, are infective. The infec- 
tivity may persist for a large number of years. 

The mode of spread is chiefly direct through sexual inter- 
course. In a small number of cases it may be indirect through 
the use of infected towels, bath tubs, and water closets. 

Control of Venereal Diseases. — An eminent authority on 
venereal disease control writes : ‘^To diminish the amount of 
venereal infection requires education, publicity, notification, 
laboratory facilities for diagnosis, dispensary and hospital 
facilities, public health nurses, social service, and good laws 
actively administered. Medical institutions should give more 
time to the diagnosis and handling of early cases, since at this 
time the best results in treatment and prevention can be 
offered. A strict supervision of barber shops, restaurants, 
hotels, soda-water fountains, infanf asylums and schools, 
should bo maintained. Prostitution should be made difficult 
and distant, and early treatment of all cases instituted. 
Medical prophylaxis should be better understood and the 
importance of personal hygiene impressed ; and insistence 
should be stressed upon continence and efforts made to 
improve the moral and physical fibre of mankind.’’ 

So far as India is concerned, very little has been done 
in any of these directions for the control of venereal 
diseases. Even in the larger cities the facilities provided 
are extremely meagre. A glimpse at the European methods 
may help to illuminate the future course of venereal disease 
control to be adopted in India. In England most patients 
are treated in public clinics under the supervision of the 
Venereal Disease Division of the British Ministry of Health. 
Very few private practitioners treat their own cases. The 
public clinics are attached to hospitals, and are profoundly 
influenced and directed by the Central Government. In 
Germany venereal disease control is rendered through sick- 
benefit organisations. It is quite effective because three- 
fifths of all Germans belong to the insurance associations 
find are entitled to free treatment and because eighty per 
cent, of all physicians work for insurance companies. France 
has recently adopted Governmental control and there are 
now many free venereal disease clinics and private practi- 
tioners are also permitted to treat cases at public expense. 
In Belgium private practitioners who treat venereal cases 
are subsidised by the Government and get a free supply 
of drugs and equipment. The free venereal disease clinics 
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in Vienna have for many years been among the largest and 
most notable in the world. The success of any scheme to 
combat venereal disease in India will largely depend upon 
the energy and enthusiasm of the medical profession and 
the public health authorities, and upon the co-operation 
and support of the Government and the public. All these 
should strive to root out the diseases by adopting a scheme 
on the following lines. 

1. That the services of fully qualified and experienced 
medical experts be utilised to supervise venereal clinics 
and to give clinical lectures to graduate and post-graduate 
students. 

2. That medical students, men and women, be made 
to attend a course in venereology as a part of the normal 
medical curriculum and that a post-graduate course be 
opened if necessary free of cost, for medical practitioners. 

3. That care be taken to include in the scheme specialist 
women medical officers, for treatment of purdah women, 
working women and children, many of whom are often in- 
nocently infected, or have inherited venereal disease. 

4. That all treatment be provided free of cost, and 
without necessary publicity, and that, as^far as possible, 
clinics be established in all the existing hospitals, as an 
integral part of the normal care of the sick population. 

5. That in the administrative arrangements for free 
clinics, care be taken to open the clinics at such hours 
(day or night) as will make it possible for all sections of 
the community to attend without loss of employment. 

6. That special separate facilities be provided for the 
treatment of infected expectant mothers, prostitutes, soldiers 
and sailors. 

7. That an endeavour be made, through trained health 
visitors and health officers, to encourage the attendance 
of cases and contacts for examination at free venereal 
clinics (without any compulsory legal measures, such as 
notification of disease, or compulsory detention until cure) 
and that all consideration and friendly courtesy be extended 
to venereally diseased persons remembering that on the 
good will of the patients towards the medical authority 
depends the continuation of treatment and the successful 
control of the spread of infection. 

8. That popular lectures regarding the dangers of vene- 
real diseases and the methods of disinfection and use of 
prophylactic methods be given in venereal hospitals, army 
and navy camps and other institutions for adult men and 
women and that chemists be permitted to sell outfits contain- 
ing instructions to grown-ups at all hours of the night. 

9. That legislation be passed prohibiting practice by 
quack doctors, advertisement of quack medicines and publi- 
cation of obscene books and literature and that early steps 
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be taken for abolishing houses of prostitution and persuad- 
ing the inmates to give ui) their disgraceful profession and 
take to useful occupations in which they can earn a decent 
living. When these are not practicable, arrangements should 
be made for frequent medical inspection and certification 
of prostitutes. 

10. That midwives and dais be trained in the routine 
methods for prevention of ophthalmia neonatorum, and that 
free issues of necessary drugs and equipment be made 
through approved medical authorities. 

11. That in all publicity campaigns, stress be laid on 
the normality and healthiness of chastity. 

12. That in view of the fact that one of the best 
methods of prevention of venereal diseases is a continent 
life, all efforts be made by the different communities to 
promote the moral training of young people and popular 
lectures be given on such subjects as self control, self 
respect, responsibility to self and society, and continence. 

The value of medicAnal prophylaxis in venereal disease 
control is questioned by some authorities. The preventive 
outlook on venereal diseases from the point of view of 
the i)ublic health official however has given the subject an 
increasing importance. Although at first sight the large 
number of social, ethical and moral questions centering round 
the subject of medicinal prophylaxis may make some officials 
reluctant to recommend its wide employment, yet when they 
seriously consider the question from a scientific or public 
health point of view they cannot but set aside these objections. 
Medicinal prophylaxis is not necessarily antagonistic to 
the other methods of prevention such as suppression of 
prostitution, sound moral education and so on. The effective- 
ness of medicinal prophylaxis has been amply demonstrated 
in recent years, and in those countries where it has been 
widely employed, the claim has been made that it has reduced 
the incidence of venereal diseases to less than a third. 
These results make it quite impossible to ignore it as a 
factor in the control of venereal diseases and a brief descrip- 
tion of the methods employed will not therefore be out of 
place here. 

For Syphilis . — Use of condom ; washing of genitalia with 
lotions of potassium permanganate or mercuric perchloride 
(1 in 1000) ; inunction of calomel ointment (30 per cent.). 
It is not applicable to women. Sulfarsenol in suitable small 
doses if necessary. ^ 

For Gonorrhoea . — Use of condom ; urethral injection of 
potassium permanganate (1 in 1000), or protargol (10 grs. to 
an ounce), or argyrol (10 p.c.) in quantities of 5 to 10 c.c. 
immediately after intercourse. Irrigation with weak potas- 
sium permanaganate (1 in 5000) morning and evening for 
3 days and alkalies by mouth to render the urine alkaline. 
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MEDICAL INSPECTION OF SCHOOLS 

The progress of civilisation, the welfare of the individual, 
the general good of society are contingent upon the efliciency 
of the education imparted to the children in school ; and 
when it is remembered that from three to live hours daily of 
six days in the week for from seven to eight months in the 
year are obligatory for children and young lads, the impor- 
tance of a careful sanitary oversight of schools becomes at 
once apparent. Unfortunately school hygiene is very much 
neglected in this country, although within recent years some 
attempt in this direction has been made by the Public 
Health Departments and the different Universities. Modern 
civilisation demands education on a wide scale, but this will 
yield no fruitful result unless the waste of health of the 
future parents from bad air, bad food, bad light, overcrowd- 
ing and mingling of the sick with the healthj^, is prevented. 

Owing to the fact that a large proportion of recruits 
during the South African War had to be rejected for 
ailments of many kinds, the necessity of increased superin- 
tendance of i)hysical growth became manifest, and a Koyal 
Commission of Physical Training was appointed in 11)03. 
The findings of the Commission were : (1) that many of the 
defects found in the recruiting stations had their origin in 
early life; (2) that physical training in school could not be 
efficiently developed except under medical supervision ; and 

(3) that even for the purpose of general education medical 
inspection of the school children was called for. 

The objects aimed at in the medical inspection of schools 
are : — 

(1) To ascertain the actual health conditions of the 
whole school-going population, c.g. their height, weight, 
nutrition, mental condition, etc. 

(2) The detection of contagious diseases, thereby protect- 
ing the child and the community. 

(3) The detection of physical defects which prevent the 
child from acquiring a full education. 

(4) To find the capacity of the individual pupil to acquire 
kqpwledge in accordance with his mental and physical status. 

(5) To ensure the best possible hygienic surroundings 
for the child while he is at school. This always requires 
attention with special reference to lighting, ventilation, 
water-supply and latrines in order that the health of the 
child may not suffer. 

(6) To bring about a close relationship between the 
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school and the home, so as to carry out more successfully 
the other ends of medical inspection, and ensure treatment 
of discovered defects. 

(7) To teach the ])ractice of hygiene and healthful living 
both in school and at home. 

To accomplish these objects trained physicians are re- 
quired. In places where it is not possible to command the 
services of a physician, the teacher, who must have some 
training, may act in the capacity of an examiner and refer 
suspicious cases to a physician. The medical inspector 
should be constantly alive to his responsibilities and should 
be always ready to remedy defects. For in childhood many 
conditions may be remedied or prevented that in adult life 
may seriously compromise the health and usefulness of the 
individual. 

One medical inspector to every live thousand pupils is a 
fair average of the number of men required for the work in 
any city. The number, however, will depend upon the 
amount of work to be done, the number of pupils in a school, 
the nature of the population, the probable defects found, 
and the system of inspection employed. 

An examination of the health of about 28,250 students 
by the Calcutta University Health Section showed that, 
roughly speaking, only 38 p.c. were free from defects. Of 
the others about 33 p.c. were sulfering from malnutrition ; 34 
p.c. from enlarged tonsils and adenoids; 31 p.c. from de- 
fective vision; 19 p.c. from caries of the teeth; 23 p.c. from 
tuberculosis, and others from enlarged liver, spleen, pyorrhcea, 
diseases of the heart, etc. It is a matter of deep concern 
that such a large percentage of students should sulfer from 
various diseases specially from malnutrition and caries of 
the teeth. 

In European countries and America, every child attend- 
ing school is examined at least on three occasions during 
his school career: — 

(a) On admission up to the age of 8 ... Entrants 

(b) Between the ages of 9 and 13 ... Intermediates 

(c) Ages 14 or over ... ... Leavers 

The school is generally regarded as the veritable source 
for the spread of infection amongst children, specially 
measles, whooping cough, mumps, diphtheria, chicken-pox, 
etc. It is also important to note that apart from the children 
who actually contract the disease, the infections are carried 
home which form further sources of mischief. « 

Equipment necessary . — This includes a weighing machine, 
height standards, a tape measure, Snellen's eye-testing cards, 
tongue depressor, and Holmgren's wool. 

Qualifications of Inspectors.— Any competent, conscien- 
tious physician may bo trained for the position of a medical 
inspector. It is desirable to have a physician who has had 
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previous training in the diagnosis of infectious and skin 
diseases and practical knowledge in examining the eye, ear, 
throat and nose. It should form one of the activities of any 
municipality possessing a Health Otticer. 

The Scope and Nature of Medical Inspection. — Before 
visiting any school, the inspecting officer should give seven 
clear days* notice to the head teacher, stating the date and 
hour of the proposed visit, and the results of inspection 
entered in the proper schedule. An important part of 
medical inspection consists in the inspection of sanitation of 
school buildings and grounds. One cannot teach hygiene and 
healthful living while surrounded by insanitary buildings 
wherein classes are conducted. Attractive, well-situated, 
and well-kept school-rooms are in themselves an object 
lesson and an incentive for the pupils to live properly. 

Twice a year— once in summer and once in winter — an 
inspection should be made, which should include every part 
of the building, including its drainage, water-supply, ventila- 
tion, cleanliness, etc. All insanitary conditions should be 
noted and a re-examination made after some time to see if 
these have been remedied. 

The medical inspector should begin his work by a thorough 
inspection of the grounds surrounding the school. The 
outhouses, water-closets and urinals, ventilation, cleanliness, 
condition of plumbing and drainage, and the number of seats 
in relation to tlie school attendance, should be carefully 
noted. The kind and condition of school grounds, the pre- 
sence of stagnant water and overgrowth of vegetation should 
also be noted. 

The building should be inspected for cleanliness, damp- 
ness of walls, presence of water, or accumulation of refuse. 
The inspection of class-rooms includes the measurement of 
each room and the amount of window space and lighting, 
and the kind of tables and benches used. 

The source and purity of the water should be investigated 
in places where there is no filtered water-supply. The way 
the water is stored is e([ually imy)ortant, and where domestic 
filters are used these should be examined for cleanliness, and 
to see if they are in working order. 

A systematic examination of all pupils on admission 
should be made and the results recorded in a schedule. Those 
who require special supervision during their school course, 
those to be exempted from gymnastics, and those requiring 
special position on account of defective sight and hearing 
should be noted. The schedule containing these details 
should accompany the child all through his school course. 
With regard to the ^‘general constitution,** the school in- 
spector must state for each child whether his constitution is 
good, medium or bad. Every fortnight, and oftener if neces- 
sary, the school doctor should visit the school and examine 
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systematically any case brought to him and record his ob- 
servations and instructions. 

Duties of Medical Inspector.— 

1. lie shall advise as to new sites and plans of new 
school, exercise a general supervision over ventilation, light- 
ing and cleanliness of the school, and periodically inspect 
all school lavatories and other sanitary installations. 

2 . On receiving intimation of an outbreak of infectious 
disease among the pupils attending any school, he shall at 
once enquire into the outbreak and take such action as may 
be immediately necessary, and as soon as possible report 
the result of this en(|uiry to the Board. 

3. He shall advise on tlie necessity of periodic disinfec- 
tion and cleanliness of the school with a view to the preven- 
tion of disease. 

4. He shall make such examination as the Board may 
recpiire regarding the mental and physical condition of the 
children selected for si)ecial classes, and grant any necessary 
certificates. 

5. To the extent and in the form prescribed from time 
to time he shall examine the pupils attending the school, and 
shall preserve and maintain on an approved schedule a 
record of the examination of each child. 

(). Tie shall from time to time inspect the physical 
exercise given in the schools. 

7. If any child is reported to be suffering from any 
ailment, or defect, or injury, he shall as soon as possible 
examine the child and give such direction as may be neces- 
sary. 

8. He shall by lectures, demonstrations or otherwise, 
instruct the teachers * in the methods of recognising the 
common ailments and defects of school children ; in the 
practice of tirst aid for school accidents ; in the general 
hygiene of the school and class room ; and in the ])hysio- 
logical principles underlying physical training. 

1). lie shall keep such records and books as the autho- 
rities may prescribe or approve, and he shall submit an 
annual report on the work done, and make such special report 
as the executive head may require. 

10. He shall make periodical visits to all the attached 
hostels and report on their sanitary condition, surroundings, 
cleanliness, and condition of dietary. 

11. He shall insist on the schools and hostels being 
whitewashed and cleaned every six months or year. ^ 

Method of Inspecting Pupils. — The medical inspector 
should have a routine method of conducting physical ex- 
aminations. As the child enters the room, the inspector notes 
his gait and in a low tone asks his name and age, and by the 
promptness or otherwise of the answer forms a rough idea 
of the condition of the hearing and sometimes of the men- 



614 


HYGIENE AND PUBLIC HEALTH 


tality. He observes any abnormalities of structure, differ- 
ences between the two sides of the body, facial expression, 
etc. He notes the colour of the skin, presence of jaundice, 
anremia or any form of rash. The mouth and throat are next 
examined ; the presence of an odour indicates uncleanliness 
of the mouth, carious teeth or naso-pharyngeal catarrh ; 
mouth breathing or signs of nasal obstruction are also noted. 
Eyes are inspected for any intlammation. ])resence of strabis- 
mus or ptosis. After obtaining all the possible data, the hear- 
ing and vision should be examined in detail. The examination 
of the eyes should have special attention, as no other organ 
of the body bears a greater influence on tlie child's welfare. 
Children suffering from word-blindness, word-deafness, and 
moral imbecility demand special provision for education. 

The following points should be noted in the schedule 
during the medical inspection of each child : — 

T. Geiioral Tiiforinafion : 

Name —age — sex — address — nationality. 

Name of school -date of inspection — class. 

Measjirement— he ij^lit— weight— nutrition— cleanliness— clot li in g. 

II. Personal History : 

Previous illness (hefore admission) from infections dis(‘ase. 

Vaccination — re- vaccination — family history-^(any thing s])ecial, 
e.g. tuherculosis). 

III. Special Condition : 

Teeth— nose — throat (tonsils, adenoids, etc.) — eye — vision — ear — 
h oa r i n g — s pe ec h — m e n t al i t y . 

I\^ Diseases or Deformities : 

Heart— lungs — spleen— liver— skin — aniemia — malaria— tiiber- 
cnlosis— rickets— special disease and deformities (sipiint, talipes, 
harelip, stunted growth, deformed chest, etc.). 

Medical Odicer's Signature : 

(General Observation : 

Directions to parents or teacher with reganl to diet, exercise, hours 
of study, cl<‘anliness, (dc. 

Action taken upon the Detection of a case of Infectious 
Disease. — A pupil suffering from a contagious disease, whe- 
ther latent or mild, should be immediately excluded from 
the school. In cases of diphtheria, measles, mumps or whoop- 
ing cough, the class should be inspected for more cases, and 
smears of the throat taken for diphtheria bacilli of the 
children seated nearest to the infected child. If the scholar 
is treated at home, the other children in the house must be 
excluded from school until the child recovers and the house 
is disinfected. This precaution is particularly necessary in 
case of srnall-pox, cholera, measles, whooping cough and 
diphtheria. 

The school authorities should insist on the production of 
a medical certificate by the scholar during admission, and 
also when he joins the school after a vacation. This sliould 
clearly mention occurrence or not of any infectious disease 
either in the scholar or in any member of the household 
within three weeks. 
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The following table gives a summary of regulations 
regarding the exclusion of children suffering from infectious 
diseases or living in the same house. 


Diseases. 

Exclusion of children 

Exclusion of children 

infected. 

living in the same house. 

Cholera 

Until discharged from 
hospital or certified 
as free from infec- 
tion. 

Until after 7 days from 
the date certified 
i)y H. 0. that the 
house is free from 
infection. 

Diphtheria 

2 to 4 weeks after 
discharge from hos- 
pital. If treated at 
home same period 
supporteil by bac- 
teriological examina- 
tion. 

Same as above, or 

2 Aveeks or until 
bacteriological ex- 
amination shows 

negativ e results. 

Measles 

4 weeks. 

1 

i 

Over 7 exclude 

for 3 weeks those 
Avho attend infant 
school, or who have 
not had the disease. 
Infants— 2\ days 

from date of onset 
of tlie last case. 

Mumps 

6 weeks. 

3 weeks only tliose who 
have not had tlie 
disease. 

(^liiekeii-pox . . 

Until scabs fall off. 

Infants for 2 weeks. 

SmalLpo.v . . , 

Same as in cholera. 

Same as in cholera. 

'rubereulosis . . 

Exclude if accom- 

])anied by cough 
and expectoration. 

Not to be excluded. 

Whooping 

0 weeks or as long as 

2 weeks for all except- 

Cough I 

cough remains. 

ing those Avho had 
tlie disease. 

Influenza . . I 

2 to 3 weeks. 

10 days. 

Ringworm 

'1 

1 

Scabies 

Ophtlmlmia . . i 
M'rachoma . . ! 

i 

; Until certified as cured 

y Not to be excluded. 

1 


j 


Construction ok School Buildincs 

The Building.— This must be in a healthy locality and 
convenient to get at ; it should not be near to railroads, 
factories or mills. It should have ample open space. 

The building ])roper should preferably be two-storied. 
Where space admits, a school should contain, besides its class 
rooms and administrative offices, a common room, and a 
gymnasium. One room should be set apart for the worl^^of 
the medical inspector. 

If there be a basement, it should be of sufficient height 
for light and air to penetrate every part of it, and should 
never be used as a storehouse for refuse. 

Sanitary Conveniences.— Ample provision should be 
made for privies and urinals ; one set for each storey. The 
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urinal should be constructed of slate or stone, properly 
flushed by constant running water. Closets and urinals 
should be suflicient to meet the demands of the number of 
students in the school. These should be in the proportion 
of 5 of each for every 100 students. They should be located 
outside the main building, or may bo in a detached portion 
connected with the main building by an overhead bridge. 
In any case these should not be too near the class room. 
Water-closets should be of such a nature as will allow of 
easy scrubbing and be provided Avith an automatic flush. 
Arrangements should be made for a supply of water for 
washing, and proper receptacles provided for the purpose, 
which must be kept clean. In village schools privy arrange- 
ments must be made with all sanitary precautions and a 
sweeper engaged to clean the privy after each visit. The 
disposal of nightsoil must be attended to. Special care 
should be taken to protect the well or the tank from being 
polluted by indiscriminate use through carelessness of the 
students or the servants. Where funds would permit septic 
tank latrines should be installed. There must be a separate 
wash-room adjoining the bathroom, and children should be 
taught to use it for cleansing hands and face after play or 
a visit to the closet. If tap water is available, an ordinary 
porcelain basin with run-oft* to the sewer should be instalhHl. 
In the absence of this, ordinary enamel basins with the 
water-supply in buckets should be provided. 

Water Supply. — Special attention should be paid to the 
water-supply for drinking purposes. In villages where 



Fig. 152. Folntain. 

there is no public water-supply, the purity and suitability 
of water for drinking purposes must be carefully ascertained. 
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The tank or the well should be inspected and a sample of 
water taken for chemical and bacterioloprical examination. 
If water is preserved in vessels, it must be under cleanly 
conditions and steps should be taken to j)rotect the water 
from pollution. The use of the same cup or glass by different 
individuals should be prevented, unless these can be cleaned 
each time after use. It is better to drink direct from the 
tap. Special ^^drinking fountains” (Fig. 152) may be in- 
stalled Avhenever possible to prevent drinking from the same 
glass. In villages a special tank or a deep well should be 
reserved for drinking purposes and properly guarded to pre- 
Acnt contamination. A deep tube-well with a hand-pump 
is quite convenient and useful. Where funds are not avail- 
able the only way to avoid Avater-borne diseases amongst the 
scholars Avould be to have the Avater tirst clarified by the use 
of alum and then boiled and kept in clean vessels. 

Class Rooms. — These should be large and clieerful. The 
minimum lioor space for each ])upil should be 15 sq. ft. 
Faulty ligliting, ventilation, or sitting arrangements may 
directly cause many defects ; and the school inspector should 
see that school conditions may not be responsible for any of 
the defects in children. Every part of the school room should 
be fully lighted. The light should always come from the left 
or from above and the children should face a blank Avail. 
Light from the front Avill be dazzling to the eyes, and light 
from behind is not pleasant to the teacher, it causes a shadow 
of each scholar to fall on his work. The AvindoAvs should be 
so i)laced as to light every table evenly and sufficiently. 
Receptacles with carbolized saAvdust or some antiseptic fluid 
should be placed in the class rooms and other places for 
spitting, etc. Students and teachers should be strictly 
Avarned against spitting indiscriminately. 

Seats and Desks. — The most important articles of furni- 
ture from the health point of vicAv are the seats and desks. 
The seating arrangement is of great value inasmuch as faulty 
benches often give rise to certain orthopaedic defects. In 
most schools the child is adjusted to the benches and the 
tables, Avith the result that in most of the seats it is impos- 
sible for the child to assume a comfortable and correct 
posture. Heats should be arranged parallel Avith one another 
and at right angles Avith the AvindoAvs. Ordinarily desks 
should be 15 to 18 inches broad Avith a slope of 15® for 
writing and 45® for reading. The height of the child should 
bo the only consideration for choosing desks and benches, 
and therefore adjustable ones are best suited; so that OA^ery 
desk may be accurately adjusted to the requirements of the 
boys. They should not be too high nor too Ioav, nor too near or 
too far from each other. There must be sufficient room 
below the desk for the knees, and the desk should be low 
enough for the elbow and forearm to rest comfortably without 
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bending the back. When this is not possible the folloAving^ 
sizes recommended by Priestley Smith should be installed : — 



Fio. 153 .— INxsition for Pig. 151.~Porkkct Position 

Writing in a Plus Desk. in a Minus Desk. 


Height of 
scholar 

Height of seat 
from floor 

Width of 
seat 

' Height of desk 
and hjick from 
seat 

2 \ to 4 feet 

13 inches 

10 inches 

8 inches 

4 to 4^ ,, 

14J 

11 .. ' 

i 


I 4^ to 5 

16 ,, 


05 

5 to 55 „ 

1 1 

18 

13 „ ! 

1 

101 ! 

! 


The construction of the back-rest is very important, and 
it should support the spine in the lumbar region in all posD 
tions. Any support above the hollow of the back is unneces- 
sary and encourages the slouching position. The distance 
between the seat and the desk should be such that the 
scholar may read or write on it without leaning forward 
more than a little and without entirely losing the support of 
the back. It follows, therefore, that unless the desks and 
the benches are constructed with full regard to the above 
points there is possibility of defect in sight, injurious elfects 
as t(j posture and wrong habits of carriage. 

Desks are classified into three varieties depending upon 
their relationship to the seats, inz . — 

1. The ^^Plus” desk. In this type there is a space be- 
tween the edge of the seat and a vertical line from the desk. 

2. The ^‘Minus” desk. Here the vertical line falls on 
the seat. 
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3. The ‘^Zero’^ desk. Here the vertical line from the 
desk touches the edge of the seat. 



Z£RO Dt5f( PLUS OrSK MINUS DESK, 


Fig. 155.— Relation of seat to Desk. 

The desk should be of the ^‘minus’’ type and the height 
of the seat so adjusted that the thighs of the scliolar are 
horizontal, legs remain vertical and the feet rest Rat on the 
lloor. 

Posture. — Every care should be taken to prevent the 
scholar from acquiring physical defects in schools. Posture 
in sitting therefore is important. A too much stooping 
posture leads to myopia, contracts the chest and interferes 
with respiration. It puts an extra strain on the heart, and 
causes curvature of the spine. 

Ventilation. — Class rooms must be freely ventilated. The 
air may becom(‘. vitiated by the respiration of the students 
and teachers, by the fermentation and putrefaction of animal 
or vegetable organic matter, by dry excreta, and dirt 
from shoes. Germs of communicable diseases located in 
the respiratory tract of the students are added to the ex- 
haled matter. These germs and dust particles adhere to the 
moist raucous membrane of the respiratory tract, throat and 
mouth, and may later reach the lungs, if not removed by the 
excretions of those organs. For each scholar about 200 
cubic feet of space. 15 square feet of floor space, and 150(1 
to 1800 cubic feet of fresh air per hour may be taken as an 
average requirement. Play-grounds serve the double pur- 
pose of allowing space around a school for light and air, and 
furnishing the necessary means for the children to obtain 
exercise and pleasure out of doors. 

School Hostels. — There are two kinds of hostels generally 
known as “licensed” and “unlicensed.” The licensed ones 
are under the control of the University, or the school or the 
college authorities. The unlicensed ones are without any 
control whatsoever. According to the last University Commis- 
sion Report (IDID) during the year 11)10-17, as many as 1,800 
students were living in unlicensed houses in Calcutta. .The 
hostels should be periodictally visited by the medical inspec- 
tor, and no student should be allowed to live in any unlicens- 
ed hostel. In addition to the inspection of general sanita- 
tion with regard to water-supply, privies, water-closets, 
drainage and ventilation, the medical inspector should keep 
an eye on the food. This is of vital importance to the health 
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of the present generation of students. Most of the students 
are sickly, ill-nourished and dyspeptic. The unfavourable 
conditions of health and physique of the students are due to 
underfeeding, lack of exercise, bad living conditions, and 
improper diet. The medical inspector should also see that 
every student acquires a habit of eating at regular hours, 
and takes enough outdoor exercise. 

The building should be constructed on sanitary lines so 
that each room may have ample provision for cross ventila- 
tion. Each room should bo big enough to accommodate two 
boys with a lloor space of at least 00 sq. ft. per head. It 
should not be crammed with furniture. One bed, one chair 
and a table for each scholar are all that is required. A shelf 
or an almirah may be supplied. The lighting is always 
faulty where there is no j^rovision for gas or electricity. 
Hanging lamps are convenient and more desirable than table 
lamps as the glare of the light affects the eyes. Every hostel 
should possess a common room and one or more dining halls. 

The kitchen should be in a detached portion separated 
from the main building. The garbage should not be thrown 
at random but collected in proper receptacles. 

The drains, etc., should be properly flushed and kept 
clean. There must be a suflficient number of ])rivies or water- 
closets and urinals. 

Every hostel should have sufficient open space, and wher- 
ever possible, be provided with an open lawn where the 
scholars can have outdoor games and spend the evening in 
the open air. 

Administration. — The j)ower of medical inspection of 
schools and attached hostels should be vested in a Board 
under the control of the University or the Director of Public 
Health. All the medical inspectors should be under this 
Board. Where a large number of inspectors is required, as 
in Calcutta, it is necessary to have one or two supervisors 
under one director. The director will have to supervise the 
work of all inspectors and success will largely dei)end upon 
the efficiency and skill of the director. He must have execu- 
tive ability combined with a thorough knowledge of the 
subject of medical inspection, and be a good disciplinarian 
capable of directing wisely. 

The director should outline a practical system of inspec- 
tion, which must be simple and not burdened with too much 
clerical work. He should see that there is uniformity in 
worje, and visit the schools and the hostels occasionally. 

The chief difficulties are administrative rather than 
educational or scientific, and the feelings and prejudices of 
the parents have to be considered. A new element has to 
be introduced into the school life with the least possible 
disturbance and inconvenience. In the case of school 
hygiene, two departments of public administration will have 
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to be brought into organic connection, those of public health 
and of public education. 

THE BENGAL MUNICIPAL AG P, 1932 

Seo. 396.— Empowers the Local Government to make rules — 

(d) Providing for the sanitary inspection of all schools and 
colleges and for the medical inspection of children immediately before 
or at the time of, or as soon as possible after, their admission to a 
primary or secondary school and on such other occasions as the Local 
(Government may direct, and authorising the Commissioners to make 
such arrangements as the Local Government may approve, for attend- 
ing to the health and physical condition of the children educated in 
such schools. 


Rules regarding Sanitary Inspection of Schools and Colleges 
and Medical Inspection of School Children 

Sanitary Inspection of Schools and Colleyes. 

1. For the purposes of these rules “Health OlViceC^ shall include 
any registered medical practitioner appointed by the Municipal 
Commissioners. 

2. 'Pho Health Ofticer or Sanitary Inspector shall inspect every 
educational institution situated within the municipality. 

3. Before visiting any institution such olhcer shall give three 
clear days^ notice to the principal or head teacher, stating the time 
and date of his proposed visit. 

4-. Such inspections shall be carried out at least once every year. 
In addition to such inspections the Health Officer may pay surprise 
visits without notice from time to time. 

r>. Such inspections shall be carried out in respect of {a) surround- 
ings, (h) playgrounds, (c) accommodation, {d) light, (e) ventilation 
(/■) water-supply, ((/) cleansing and conservancy, (h) sanitary 
arraiigenients, (/) class ecpiipment, 0) dormitory and hostel arrange- 
ments. 

6. The Health Officer or Sanitary Inspector shall compile and 
submit before the 31st January every year an annual report of all 
sanitary inspections of educational institutions carried out by him 
during the preceding calendar year. 

Medical Inspection of School Children 

7. The Health (^Ificer shall medically inspect every child reading 
in a primary or secondary school Avithin the municipality on three 
separate occasions : — 

(a) first, as soon as possible after admission to the school — 
up to the age of eight years (entrant) ; 

(h) second, between the ages of nine and thirteen years (inter- 
mediate) ; 

(c) third, at the age of fourteen years or more (leaver) : 

Provided that a girl of or above the age of nine years shall not 
be examined except by a female medical practitioner. 

8. Before visiting any such school, the Health Officer shall give 
seven clear days’ notice to the head teacher, stating the time and 
date of his proposed visit in the manner prescribed in Form-No. 1 
and the head teacher shall forth Avith communicate the fact to the 
parent or guardian of each child to be examined, in the manner 
prescribed in Form No. 2. 

The parent or guardian shall also be requested to report in the 
manner prescribed in Form No. 7 Avhether the child had any of the 
diseases mentioned in the form and also the cause of death, if any, 
of his or her parents. 
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9. As far as possible the medical inspection sh«all be conducted 
in a quiet room or enclosure in the school premises. 

10. For the purpose of medical inspection the Commissioners 
shall provide the requisite apparatus including a Aveighing machine, 
a height standard, a roller tape measure, a tongue depressor, an 
aluminium or enamellcd-iron basin, a tablet of soap, a clean towel, 
a bottle of disinfectant, an eyesight testing card and coloured 
wool. 

11. Such medical inspections shall be carried out with the follow- 
ing objects, viz. lu) ascertainment of the actual health conditions 
of the school going population —such as height, weight, nutrition, 
mental condition, (6) early recognition of undiscovered ailments and 
defects, physical and mental, (c) early recognition of infectious dis- 
eases and exclusion from attendance in school of children so affected, 
id) exclusion from physical exercises and games ot children unfit 
to take part in them. 

12. Hefore the arrival of the Health Otlicer the head teacher shall 
fill up or cause to be lilled up the schedule of information in respect 
of each child. 

13. The results of medical inspection shall be recorded by the 
Health Ollicer in Form No. 3 and kept in the personal custody of 
the head teacher. Every child inspected shall l)e allotted a separate 
form for the purpose. As soon as a form is complete or is no longer 
required for medical inspection, it shall be returned by tiie head 
teacher to the Health Ofiicer. 

14. At the conclusion of the medical inspection, the Health Officer 
shall, in the manner prescribed in Form No. 4 or 5 as the case may be, 
notify the parents or guardians of those children, Avho, iii his 
opinion, require medical aid. 

15. The Healtli Othcer shall compile and submit through the 
Chairman to the Director of Public Health and to the Director of 
Public Instruction before the 3lst January every y(‘ar, an annual 
report of all such medical inspections carried out by him during the 
preceding calendar year. 

School clhifcs and follow-up work 

16. Wherever possible the Commissioners shall establish school 
clinics in dispensai ies or other convenient places for the treatment 
of minor ailments discovered during medical inspection of school 
children. 

17. The Health Ollicer may make ade(piate arrangements for the 
following-up cases notified under rule 14 to parents or guardians of 
children for home treatment. 


FORM No. 1 


T o 

The Head Teacher of 
Dear Sir, 

1 propose making a medical inspection of the children in this school 
on from to and to 

You are requested to keep in readiness punctually at tlie above hours 
ten children and their respective schedules duly filled up on your 
part. 

Copy forwarded to the Inspector of Schools. 

Tlealth Officer, 


FORM No. 2. 


School. 


To the Parent or Ouardian of 

The Health Officer is about to make a medical inspection of the 
children of this school and will examine your child on at 

ohdock. 'riiis inspection offers a valuable opportunity for the early 
discovery of ailments and defects which, if neglected, may greatly 
interfere with the child’s progress during school life and afterwards. 
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It is, therefore, very important that you slioiild make every effort 
to be present or send your representative when he (or she) is beinj]^ 
inspected. 

Head Teacher. 


FORM No. 4. 

To the Parent/Guardian of 
Dear Sir/ Madam, 

I have to report that your child, a pupil in the 

scliool, is in need of medical attention for 

: You are advised to consult a physician, hospital or 
dispensary witliout delay, and take such steps as may be necessary to 
secure projier treatment. 

Health Officer. 


FORM No. 5. 


Notice to Parents. 

19 

Name Age 

Address is ordered to discontinue 

attendance at school. 

Reason 

The disease mentioned is a contagious aftection and liable to be 
transmitted to other children. The child should receive prompt 
medical tr(‘atment and should return to school, with a certiticate 
from a doctor stating that he/she is free from contagion. 


Health Officer. 

Copy forwarded to the Inspector of Schools. 


FORM No. 7. 

19 

Dear Sir or Madam, 

Would you kindly put a cross mark against any of the following 
items if your child has had the 

complaint, mentioned ? Also till up the last item, if necessary 

Measles, whooping cough, diphtheria, dysentery, rheumatism, 
malaria, small-po.v, convulsions, glands in neck, chronic cough ami 
cold, pleurisy, pneumonia, rheumatic fever, beri-beri, chronic 
diarrha'a, hannoptysis, epistaxis, worms, any other serious illness. 

If parent is dead, please state cause to the best of your knowledge. 
Father died from 
Mother died from 

Note.— The pupil shall return this post-card to the undersigned after it is duly 
tilled in. 


School 


Head Teacher. 



CHAPTER XXIV 

MATERNITY AND CHILD WELFARE 

Vital statistics relating to Maternity and Child Welfare 
in India are not completely accurate but the figures given in 
the report of the Public Health Commissioner are suflicient 
evidence of the importance of instituting schemes for the 
protection of the health of the mother and her child in India. 
Out of 6,578,711 registered deaths in British India in 1935 
no less than 2,848,009 or 43 p.c. occurred under the age of 
5 years : 24 p.c. occurred under 1 year and 19 p.c. under 5 
years; the corresponding figures for England and Wales were 
7.1 p.c. and 2.4 p.c. respectively. To these totals a further 
180,000 to 200,000 maternal deaths arising out of childbear- 
ing must be added together with some 400,000 still-births and 
a very large but unestimated number of foetal deaths due to 
miscarriages and abortions. The picture is not yet complete. 
Maternal and infantile mortality rates alone do not represent 
the only adverse occurrences resulting from pregnancy and 
labour. A Departmental Committee winch studied this 
question in England and Wales in 1931-32, estimated that 
from 28 p.c. to 35 p.c. of women were damaged as a result of 
childbearing and that in many cases the damage was irre- 
coverable. Applying this English rate for disability to India, 
approximately 3 million women annually suffer either per- 
manent or temporary injury from the after-effects of preg- 
nancy and labour. 

The immediate adverse results are delayed convalescence, 
anxiety and expense. The more remote structural and func- 
tional defects include sterility, displacements, fistuhe, damage 
to liver or kidneys and a hastening of the pathological 
processes in tuberculosis and heart disease. Chronic pelvic 
inflammation is a very common and very disabling infirmity 
leading to lifelong diminished capacity and unhappiness, 
less tangible evil but not without influence on the health and 
happiness of the home and the family. 

Infantile Mortality 

The infant mortality rate in India in 1935 was 164 per 
lOdO registered births as against 57 in England and Wales. 
Urban rates are on the whole higher than rural, the Calcutta 
figures for the years 1933-35 being 266, 255, 235 respectively. 
No such substantial improvement in the infant mortality in 
India has occurred as is evident in England and Wales where 
the rate fell from 154 in 1900 to 57 in 1935. The correspon- 
ding figures for India are 230 and 164 and the downward 
trend can be in large measure credited to improvement in the 
registration of births. 
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Of the infant deaths, 47 p.c. occur during the first month 
of life, chiefly in the first week. Neonatal deaths, or deaths 
within the first 4 weeks result from injury during labour or 
diminished capacity for survival consequent on adverse con- 
ditions operative on the mother during pregnancy. Deaths 
during the first month have so far proved less amenable to 
control than later deaths. Adequate prenatal care and better 
midwifery offer the greatest hope of improvement in the 
number of deaths from developmental conditions, birth in- 
juries, prematurity, debility, convulsions and tetanus. These 
clinical causes account for 38 p.c. of infant deaths in 
Calcutta. 

Tlie principal causes of deaths after the first month are 
respiratory diseases and gastro-enteritis. Deaths from one 
month to a year are a sensitive index of the hygienic and 
social circumstances of an area. Maternal mismanagement 
and neglect or ignorance of the precautions which must be 
taken to safeguard the health of the child are the outstand- 
ing adverse factors and these in turn are closely related to 
illiteracy and poverty. Urbanisation, bad housing, defective 
sanitation and high birth rates are definitely prejudicial, 
while sex and birth order, climate and geographical position 
have an undoubted influence. Artificially fed babies in India 
have a much diminished chance of survival. Social customs, 
such as early marriage, purdah, and religious fatalism which 
precludes the taking of precautions are influencing factors, 
though it is not easy to assess the relative importance of 
these interacting conditions. Control of the later deaths as 
distinct from the neonatal deaths lies in the institution of 
schemes for the education of the mother in the upbringing 
of her children togetlier with the sanitary control of the 
environment and food supply, scientific study and inv^estiga- 
tion of infant hygiene and diseases. Improved medical 
education and education of the public generally are also 
likely to secure reduction in the infant mortality rates. 

Maternal Mortality 

The maternal mortality in England and Wales from 
puerperal causes was 3.80 per 1000 live births and 3.65 
per 1000 live and still-births in 1936 ; including non-puerperal 
deaths or deaths from diseases associated with childbearing 
the rate was 4.71 per 1000 live and still-births. For India 
as a whole no reliable figure can be given. Megaw as the 
result of analysis of figures collected by means of a 
questionnaire estimated the rate to be 24.5 per 1000 
registered births. Mudaliyar’s investigation of maternal 
deaths in Madras city in 1931-32 yielded the rate of 16.6 per 
1000 registered births but Mudaliyar considers the rate to 
understate the position. In an inquiry in Calcutta in 1935-36 
Neal found the rate to be 24.5. For various reasons mainly 
40 
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connected with imperfect registration of births and deaths 
these rates are nob strictly accurate, nor are they com- 
parable with rates for Western countries owing to variations 
in the methods of computation, differences in the classifica- 
tion of the causes of death and the fallacies in the registra- 
tion of figures for births and deaths. The rates are, however, 
sufficient indication of the serious risk to the mother from 
childbearing in India. Additional evidence in support is 
available from Table I showing the male and female death 
rates at specific ages in Calcutta. 

Table I 


Male and Female Death Rates at Specific Ages in Calc^ltta 












'I'otal 

Ages 

1-5 

5-10 

10-15 

15-20 

20-30 

30-10 

40-50 

50-60 

GO 

deaths. 

Male 

31.7 

19.3 : 

12.2 

7.9 

18.0 

10.6 

19.1 

12.7 

101.2 

18,922 

Female 

26.3 

17.5 ‘ 

11.6 

11.6 

12.0 

28.2 

13.9 

5.5 

102.2 

15,171 


The female deatli rates, contrary to the usual experience 
in the West, exceed the male death rates at all ages from 
10 to 50. The only major influence not common to both 
sexes is childbearing and its associated social customs and 
habits. 

Kural rates are considerably lower than urban rates. 
Whether the difference is real one or a fictitious difference 
due to errors in registration is at present uncertain. The 
poorer standard of midwifery in villages may be compensated 
by the better health and physique of the rural mothers, but 
the wide variation in rates for urban and rural areas is 
certainly not so overwhelmingly in favour of villages as is 
suggested by the figures at present available. 

The factors influencing maternal mortality rates which 
arc more easily assessible are the degree and nature of the 
antenatal care, the skill and knowledge of the attendant at 
delivery, the facilities for institutional midwifery, and the 
nature of any operative interference which may be neces- 
sary. First pregnancies and pregnancies after the fourth 
are attended with greater risk. The safest ages lie between 
20 and 30 years. Amongst the social conditions, the customs 
at /ielivery, the early age of marriage, the universality of 
marriage irrespective of fitness, and the dowry system must 
be added to those already listed as affecting infant mortality. 
The general physique of the mother, her diet, and the 
prevalence of disease are other important factors. Woman’s 
labour per se does not have any outstanding effect but the 
attendant evils of long hours, poverty, bribing and bad 
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houslag do oxercise an adverse on the general health of the 
mother and conduce to high maternal and neonatal 
mortality rates. 

The puerperal causes of maternal deaths are given in 
Table II. 

Taule II 

Maternal Deaths in Calcutta. Distributton by (^ausb 
Neal, 1937 


Deaths due directly to childbearing 


Abortion (Septic) 

4.71 

p.c. 

,, (Nonseptic) 

0.57 

p.c. 

Ectopic gestation 

0.86 

p.c. 

Other accidents of pregnancy ... 

1.00 

p.c. 

Hjemorrhage 

10.56 

p.c. 

Puerperal sepsis 

31.95 

p.c. 

Albuminuria and convulsions ... 

17.97 

p.c. 

Other toxjemias 

2.1 

p.c. 

Thrombosis and embolism 

1.57 

p.c. 

Accidents of labour, shock 

3.71 

p.c. 

Other conditions 

1.43 

p.c. 

Amemia 

23.33 

p.c. 


Deaths from associated divseases ... 186 

The main causes of maternal deaths in Calcutta are 
puerperal sepsis and aiiaiinia, which together account for 
o5 p.c. of maternal deaths from puerperal causes. Toxremias 
accounting for 20 p.c. of deaths is third on the list. 
Other towns and rural areas of different geographical, 
climatic, industrial and social conditions will doubtless 
present a different picture but so far no information is 
available. The control of maternal mortality and morbidity 
lies in the provision of adequate prenatal, natal and 
postnatal care for the mother, improved training of medical 
students and raidwives, research into the causes of maternal 
mortality and morbidity and greater co-operation from use 
of the services by the community. 

Mateknity and CiiiTAi Wetaare Schemes 

A complete Maternity and Child Welfare scheme includes 
the following services : — 

I. PRENATAL 

A. Home Visiting : Midwife or health visitor. . 

B. Antenatal Clinic : Consultations— Special treatments, 

(a) Central Dental, Venereal Disease. 

(b) Subsidiary E.vtra nourishment -Educational Clas- 

ses and Demonstrations— Record Keep- 
ing. 

C. Antenatal Beds in Hosuitals ~ • 

I). Convalescent Homes 

II. INTRANATAL 

A. Domiciliary Midwifery: Private midwife— Salaried midwife. 

(1 for 100 to 120 births) 

B. Medical Advice: General Practitioner -Consultant M. & 

C. W. Doctor— Payment of Doctors 
fees. 
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C. Hospital Beds: Hospitals— Maternity Homes— Lying-in 

(a) Normal Wards. 

(b) Abnormal 

(1 per 80 to 100 births) 

fj). Transpout 

E. Supply of Steuiliskd Outfits 

F. Home Helps 

(r. Maternity Benefits 

H. Laboratory Facilities 

HI. POSTNATAL 

A. Home Visiting : Weekly, monthly, quarterly. 

B. AVelfare Centre : Consultations -Treatments, minor ailment, 

(a) Infant Clinie special— Weighing and Batliing— Extra 

(b) Toddler Clinic nourishment - Educational classes — 

(1 Health Visitor per Social Clubs —Record Keeping. 

500-240 births) 

C. Babies Hospitals or Beds. 

D. Creches, Day Nurseries, Nursery Schools. 

E. Convalescent Homes. 

F. Postnatal Clinic for Mothers. 

(t. Hospital Beds for Puerperal Complications. 

H. Dai Training. 

IV. MIDWIFE SUPERVISION 

The object of maternity and child welfare is not only to 
reduce mortality and morbidity but more positively to im- 
prove the health and well-being of the individual mother, 
child and through them the health of the race. The func- 
tions of a welfare scheme are three-fold, to educate the 
mother in a way of life which will safeguard her own health 
and the health of her family ; to prevent disease ; and to 
expand the sum total of knowledge of the geographical, 
climatic, social, economic, medical, hygienic and psycho- 
logical factors which influence maternal and child health. 
No centre which is not fultilling these three functions is 
contributing its maximum benefits to the community. 

The basic service is the education of the mother in the 
care of her own health and the precautions to be observed in 
the nurture of her children. The education of the mother 
begins with individual instruction in the home by the health 
visitor. The health visitor is expected to visit each and 
every expectant mother, each and every infant once a month, 
and each child between 1 and 5 years once every 3 months. 
More frequent visits are desirable between the 3Gth and 
40th week of pregnancy and the first month of the infant’a 
life, the periods of maximum danger. Apart from 8 to 10 
visits to each expectant mother and 4 visits to every pre- 
school child, each infant should be visited 12 times in first 
year of life. During these twelve visits the health visitor 
has to teach the mother to observe the signs of normal 
development and departures therefrom, to manage breast 
feeding successfully, to supplement her own diet and to 
wean the child. She has to deal with vaccination, cloth- 
ing, bathing, teething, habit training and the prevention 



MATEENITY AND CHILD WELFAEE 


629 


of colds and minor dietetic disorders. She has to wean 
the mother away from adverse social customs and habits 
ingrained by centuries of tradition and practice, to instil 
into her the elements of home and environmental hygiene, 
family budgetting, storage of food, to help her to ameliorate 
social maladjustments, and to encourage and advise the 
mother on a whole host of general problems which will be 
brought up for her consideration as soon as she gains the 
confidence and trust of the family. Apart from advice she 
has to demonstrate to the mother the preparation of suitable 
foods for the baby and to supervise the mother while she 
gains skill in carrying out treatments of minor ailments of 
the eye, ear or skin. Obviously 12 visits to each baby are all 
too few for the ground to be covered and consolidated but 
even this entails a large number of visits. The health 
visitor cannot do justice to any population producing more 
than 200 to 240 births per annum. She then has under her 
care approximately 200 expectant mothers, 200 infants and 
600 to 700 pre-school children. 

The duties of the health visitor do not end with the care 
of the nursing and expectant mother and children up to the 
age of 5 years. The tendency is to place upon one health 
visitor duties in connection with the school medical service, 
anti-tuberculosis, leprosy and venereal schemes, and the 
control of infectious diseases by notification, inoculation 
and vaccination. She is concerned with birth and death 
registration and acts as a voluntary reporter of sanitary 
defects in the home and the environment, her services in 
this connection are valuable and should be valued. 

The second function of the maternity and child welfare 
scheme is to prevent disease by the early detection of minor 
departures from health and enhancing immunity to disease 
by general measures and by specific measures including 
vaccination and inoculation. The detection of the earliest 
manifestations of ill health requires careful and meticulous 
observation of the development of the child, detailed record- 
ing and a very considerable degree of medical knowledge 
and acumen in the assessment of the cause. Very often the 
signs and symptoms observed and recorded cannot be inter- 
preted until later developments make the position clearer, 
but the repetition of a similar clinical picture in other 
children or mothers enables a tentative diagnosis to be made 
and appropriate preventive measures to be instituted at an 
earlier date. Health visitors can make good observers Jbut 
they do not have the medical knowledge required for inter- 
pretation of their findings ; for this purpose a doctor is 
essential. 

Eesearch, the third function of the maternity and child 
welfare scheme is a vital and important duty of every wel- 
fare centre. Most welfare centres maintain records of the 
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development of the pregnancy or the infant together with 
a considerable amount of data regarding social, economic, 
medical and environmental conditions which affect the health 
of the mother and her child but with a few notable excep- 
tions welfare centres in India do not make any use of the 
records in correlating cause and effect and on increasing the 
sum total of knowledge of the factors influencing health. 
An interest in detail and an inquiring nature are indispensible 
attributes to the staff of the maternity and child welfare 
centre if they are to make any contribution to the control 
of disease. Little improvement can be expected in the 
present position until fully trained health visitors are 
employed for routine work and until their energies are 
guided and directed along profitable lines by medical men 
and women with a preventive outlook, and imbued with the 
spirit of scientific investigation. 

Antenatal Care 

Antenatal care is only one aspect of the watchfulness 
exercised over the mother in her capacity as wife, expectant 
and nursing mother. Continuity of supervision is essential 
for sound work and the antenatal services cannot be di- 
vorced on one hand from the intranatal midwifery services 
and on the other from the infant and child welfare services. 

Each expectant mother should be seen at least once a 
month by the health visitor or the midwife either at home 
or at the antenatal clinic. To enable the health visitor to 
study environmental conditions and to give practicable 
advice and demonstration, a proportion of the visits should 
be to the home. A minimum of three medical examina- 
tions are also required. The first complete medical examina- 
tion takes place in the early weeks of pregnancy to ensure 
that the woman is fit for the strain, to detect such abnor- 
malities as syphilis, tuberculosis, early toxaemias and anre- 
mias, and to draw up for her an appropriate daily routine 
or to institute treatment. The main object of the second 
examination about the 32nd to 3()th week of pregnancy is to 
diagnose the presentation, position and to carry out obstet- 
ric manipulations which may be necessary. The third 
examination about the 38th or 39th week is directed to the 
detection of any disproportion between the head and the 
pelvis. A general review of the health of the mother and 
her mode of life accompanies each medical examination. 

Jlome conditions are not conducive to the carrying out of 
detailed examination of the mother. Provision is therefore 
generally made for antenatal clinics where the urine can be 
tested, the blood pressure taken, the weight of the mother 
and the development of the pregnancy recorded every month 
and the medical examinations arranged. The other activities 
of the antenatal clinic include special and venereal disease 
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treatment, the supply of extra nourishment, and maternity 
outfits. 

Ad hoc antenatal clinics are unnecessary and undesirable. 
The clinic can be held at a maternity hospital or home, at a 
welfare centre or in the consulting room of the private 
practitioner. Each type of clinic has a definite role in any 
scheme and specific duties to fulfil. The hospital clinic has 
the advantage that consultations with obstetric, Xh’ay and 
medical specialists are easy to arrange, admission to hospital 
is facilitated and continuity in care can be secured. The 
potential benefits of the hospital antenatal clinic are often 
diminished by placing the antenatal work in the hands of the 
most junior and less experienced of the house surgeons and 
by failure to secure continuity between the antenatal depart- 
ment and the wards. The disadvantages of the hospital clinic 
are overcrowding, distance from the homes of the patients, 
concentration on the diagnosis and treatment of disease 
instead of health, the absence of educative and follow-up 
work in the homes. The best use of hospital antenatal 
department is as consultative clinic to which all cases requir- 
ing special investigation of obscure conditions or treatment 
of definite disease can be sent by the subsidiary clinic at- 
tached to maternity homes and welfare centres. Close co- 
operation between the different types of clinic can be main- 
tained by a system of duplicate record keeping, each centre 
informing the other of the conditions observed and the 
advice given. 

The advantages of the antenatal clinic at the welfare 
centre are that it is within easy reach of the area served, the 
staff is well known to the mothers, the equipment good and 
co-operation with mid wives and dais practising in the area 
can be arranged. The drawbacks are that there is always a 
medical officer at the welfare centre and where there is one 
she is not always available for district midwifery. Continuity 
in care is thus lost. The educative and follow-up work of 
the centre clinic is generally far ahead of that of the 
maternity hospital. The proper sphere of work of the 
subsidiary centre lies amongst normal expectant mothers or 
cases showing only slight abnormality ; all cases requiring 
treatment or admission to antenatal beds are to be referred 
to the central consultative clinic. 

To minimise the difficulties where the medical officer for 
maternity and child welfare is not available for district 
midwifery the recent tendency in England has been to ^taff 
the antenatal clinic whether maintained by voluntary or 
official agencies from a panel of general practitioners willing 
to undertake midwifery. Provided the doctors are experi- 
enced obstetricians, interested in normal cases, prepared to 
keep detailed records and that the calls of their practice do 
not cause irregular attendance, a scheme so conducted can 
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give excellent results. In India the male doctor very often 
relies on the dai or midwife instead of the dai on the doctor 
and until the obstetric training of medical students as well 
as their training in preventive medicine is improved ante- 
natal clinics staffed by full time women medical officers for 
maternity and child welfare are likely to be more successful. 

The accommodation, staffing and equipment of the ante- 
natal clinic are considered in connection with the Avelfare 
centre. 

Considerable dissatisfaction has from time to time been 
expressed at what is regarded as the failure of antenatal care 
to reduce maternal mortality and morbidity and to prevent 
fcetal deaths, and neonatal deaths and disabilities. Ample 
evidence of the excellent results of adequate antenatal care 
is available and where failure has occurred it is in large 
measure due to the remedy never having been properly 
applied. The care has been late, casual and perfunctory 
instead of early, regular and meticulous, the clinic has been 
entrusted to an inexperienced and junior medical officer; 
there has been lack of continuity of supervision, and inade- 
quate provision of antenatal beds and arrangements for in- 
stitutional and domiciliary midwifery. Apart from defects 
in the organisation of the services and the experience of the 
staff, the negligence of the mother and her relatives in 
seeking and carrying out advice, the general poor physique 
and malnutrition of the mother and the neglect of mental 
hygiene during pregnancy are serious handicaps to the ante- 
natal services. 

Infant and Child Care 

Child welfare work is based on routine home visiting. 
Early notification of births to the medical officer of health 
and in turn through him to the health visitor greatly facili- 
tates home visiting. The birth lists provide an excuse for 
calling and a point of contact with the parents, they enable 
the health visitor to get in touch and give advice when it is 
most likely to be effective and before the child has been 
damaged, often irrevocably, by maternal mismanagement and 
ignorance. Early visiting also enables the health visitor to 
supervise either directly or indirectly the work of the dai or 
midwife and to influence their methods and practice. 

In the more highly organised schemes in England and 
Wales a summary of the child’s health and development is 
madg> at the end of five years and forwarded to the school 
medical department who are responsible for the child’s 
health until school leaving age. 

Home visiting already described is the key service but if 
the health visitor has made her advice sufficiently valuable 
and has aroused in the mother a desire for greater knowledge 
the mother will want to consult her in the intervals between 
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the routine home visits. The Welfare Centre affords the 
necessary opportunity for further consultation, additional 
individual instruction by the doctor and the healtli visitor and 
the consolidation of individual instruction by more formal 
group teaching and demonstration. The centre allows of 
more economical use of a doctor’s services, greater facility for 
detailed examination, for weighing, bathing, and the supply 
of extra nourishment. Bar and balance scales are absolutely 
essential for accurate work and for carrying out test feeds. 
No committee can afford to economise on this item of equip- 
ment. The treatment of minor ailments at welfare centres 
may require some justification but if emphasis is x)laced on 
the acquisition of a skilled techni(|ue by the mother under 



supervision, treatment is essentially a preventive measure of 
considerable value. Special clinics for orthopfcdic work, 
dental, and ultra-violet ray treatment may be added to the 
activities of the centre where the need is great. 

The maternity and child welfare centre may be housed 
in a separate building, or combined with a school clinic or 
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community health centre from which all the health services 
of the area are conducted. Elaborate buildings are un- 
necessary but the following accommodation should be pro- 
vided : a waiting room and ofiice, a consultation room and a 
weighing room where the health visitor can give advice. 
Bathrooms, storerooms, latrines are necessary and it is 
advantageous to have the staff quarters in close proximity 
to the centre. A large compound for use as adult and 
children’s playing grounds is a very great asset to the social 
side of the centre particularly where the mothers observe 
purdah and opportunities for exercise are few. The plans 
illustrated are rather elaborate but can be moditied to suit 
financial and special considerations. 

The Midwifery Services 

The midwifery services include provision for the pro- 
tection of motherhood during the antenatal, natal and post- 
natal periods. Two types of service are required during the 
natal period, a domiciliary service in the homes and an 
institutional service. Hospital accoinmodation is needed for 
antenatal and postnatal complications, for abnormal labour 
and for normal labour in primiparous and other mothers who 
elect to be confined in an institution. Provision should be 
made on the basis of 1 bed for every 130 births in congested 
and urban areas. Hospitals require careful planning, 
adequate staffing and equipment and are relatively expensive 
to build and maintain. No conclusive evidence has yet been 
put forward that hospital conditions make for the greater 
safety of the mother than is possible under domiciliary 
conditions. 

Domiciliarij midwifery has the advantage of being less 
expensive and simpler to arrange. The limitations are 
that while it is safe for the normal confinement even where 
housing conditions are not ideal it is unsafe for even minor 
obstetric manipulations unless the room can be turned into 
a miniature hospital ward and adequate medical and nursing 
staff* employed. For domiciliary work one midwife for every 
100 births is needed to provide skilled attendance for all 
mothers. In rural areas where distances are great and com- 
munications poor the provision should be more generous. 

In India the practice of conducting a domiciliary midwife 
service in connection with the maternity hospital or home 
has not been developed. This type of service gives excellent 
results in England and Wales. The midwife has the whole 
resources of the hospital and its staff’ behind her, her cases 
attend the antenatal clinic, abnormalities are eliminated 
from her practice, admission to hospital is facilitated where 
unexpected difficulties arise, she is supplied with a sterilised 
outfit and her knowledge is kept up to date by her contacts 
with hospital methods and practice. Quarters, and com- 
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panionship are generally good, holidays, care in sickness 
and relief during rush periods and an adequate salary can 
he easily arranged. An additional advantage is the oppor- 
tunity afforded to medical students and pupil midwives of 
gaining under supervision experience in domiciliary mid- 
wifery. A midwife service run in conjunction with a wel- 
fare centre offers similar but less complete advantages and 
gives satisfactory results. 

Midwives employed by local authorities and voluntary 
organisations in India are free from anxiety with regard to 
a sufficient livelihood and occasionally benefit from provident 
fund, sick relief and settled holidays but unless ancillary 
services are provided and the midwife works in close co- 
operation with the antenatal clinic, the maternity hospital 
or homo and the medical staff*, the results achieved are less 
successful. 

Midwives working privately independently often in 
compilation with a salaried staff, whose services are given 
free, lead a precarious existence. They tend to accept more 
cases than they can do justice to in order to earn a living 
wage or alternatively midwifery becomes a secondary 
profession and is undertaken merely to eke out the earnings 
of a husband or from another occupation. Contacts with 
clinics and hospitals are exceptional, no supervision is at 
present possible and the practice of the independent mid- 
wife is therefore only rarely conducive to the safety and 
well-being of the mother. 

Medical and consultant aid, transport arrangements and 
maternity outfits are essential to a complete domiciliary 
midwifery service and other auxiliary services which should 
be provided are given in the complete scheme. 

Organisation 

Economic considerations make it impracticable for most 
local authorities in India to inaugurate or complete a 
universal scheme for maternity and child welfare for the 
area administered. Selection must therefore be exercised. 
Whether the midwifery services, antenatal w^ork or infant 
and child welfare is first established will depend on local 
circumstances and needs. The actual starting point is not 
of much moment, the important thing is to have a definite 
and complete plan from which an ideal scheme can be built 
up as opportunity arises. 

Financial stringency may not only determine the s/!ope 
of the service but also its extent. Maternity and child 
welfare is essentially educative and more eff'ective work can 
be done and more rapid progress made amongst a middle 
class population who can appreciate teaching and who have 
the leisure and means to apply it in practice. The first need 
of the very poor is food and clothing, not education, and they 
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are further handicapped by a bad sanitary environment and 
lack of tradition. Intensive work in a limited area also 
gives better results than diftuse and spasmodic visiting over 
a wide district. 

In India there are approximately 800 welfare centres or 
less than 1 for every 10,000 births. Local schemes are 
administered by voluntary or official committees or more 
rarely by a combination of the two. The municipal com- 
mittees of Delhi and New Delhi have well organised 
maternity and child welfare schemes staffed by medical 
women, health visitors and trained dais or midwives. 
Institutional midwifery is, however, provided almost exclu- 
sively by voluntary hospitals. In Calcutta on the other 
hand the Corporation maintains 5 municipal maternity 
homes and a staff of 5 doctors, 27 midwives for domiciliary 
midwifery. Child welfare work in Calcutta is mainly in the 
hands of voluntary organisations. 

Provincial schemes also are organised by the Public 
Health Department, by voluntary organisations aided in 
some cases by Government grants-in-aid, or the types may 
exist side by side with a varying degree of co-ordination 
and unity. In Madras and the Punjab the public health 
departments are taking an ever increasing responsibility 
for the direction of the services administered by local 
bodies. The only body working on an all-India basis is the 
Maternity and Child Welfare Bureau of the Indian Ked 
Cross Society which acts as a central office for the collection 
and dissemination of information on all matters affecting 
the welfare of women and children throughout India. 



CHAPTEE XXV 

VILLAGE SANITATION 

Thk question of improving the sanitation in villages is a 
problem which is engaging much attention at the present 
moment. An efficient sanitary campaign has to be under- 
taken before any good result can be expected, and this can 
only be attained by a concerted action by both the public 
and the sanitary authorities. Most of the villages are not, as 
a rule, controlled by municipalities, but District Boards and 
Union Boards are responsible for the improvement of sanita- 
tion and public health, and in most cases their funds are not 
sufficient to undertake an elaborate scheme. 

For the improvement and development of villages, the 
Bengal Local SelLGovernment Act of 1885 (modified up to 
1st Sept., 1933) has been passed, which applies to all parts 
of Bengal not under the control of a municipality. 

The insanitary condition of the villages is responsible for 
most of the deaths from preventable diseases, chiefly malaria 
and the water-borne ones. This is due mainly to the ignorance 
of the people about the elementary principles of hygiene, to 
their bad and insanitary habits which have become almost a 
part of their nature, and to the general apathy of the 
educated and the well-to-do, who take no initiative and 
very often migrate to towns and other healthy places. As 
a result of all this the villages are left in a very neglected 
condition, and the poor are left to take care of themselves. 
One must realise that without the co-operation of the people, 
efforts of sanitarians to improve the sanitary condition of 
villages must perforce be inoperative. The introduction of 
a Public Health Act, which should make the administration 
of sanitary law uniform, universal and imperative throughout 
Bengal, deserves serious consideration. 

The creation of a public health organisation for improve- 
ment of the health condition in the rural areas is receiving 
special attention from the Government of Bengal. This con- 
templates dividing the province for the purpose into units or 
circles, coinciding with the thana ; each unit to comprise 
roughly about 100 square miles. These Eural Public Health 
Circles, as they are called, will be under a Sanitary Inspec- 
tor or a Health Assistant, and their work will be controlled 
by the District Health Officer under the District Board.* The 
primary aim of these health units will be the prevention of 
disease by securing information of the conditions existing in 
the area, and to take immediate measures against cholera,^ 
small-pox, enteric fever, and other infections that may from 
time to time occur in these areas. The health assistant or the 
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sanitary inspector will look to the sanitary condition of the 
hazaar or hat^ attend melas^ and examine and take samples of 
food suspected to have been adulterated. They will purify 
water of tanks and wells when contaminated and carry out 
disinfection in the case of any infectious disease. They will 
try to discover the incidence of kala-azar, malaria, tuber- 
milosis, leprosy, and of venereal disease, and adopt measures 
for the prevention of their spread. Attention will be paid 
to child welfare work by training dais^ and by inspecting 
village schools to examine the physical condition of the 
students. Finally efforts will be made to educate the villagers 
by health lectures, demonstrations, etc., with some know- 
ledge of the elements of hygiene. 

Any scheme for the improvement of the sanitation in 
villages should embrace the following : — 

1. Mass education. 

2. Housing accommodation. 

3. Provision of a good water-supply. 

4. Efficient conservancy. 

5. Protection against malaria and the water-borne 
diseases. 

1. Mass Education. — This is of primary importance 
inasmuch as upon this the efficiency of any sanitary measure 
depends. No matter how perfect the measures might be, if 
the people are not educated enough to appreciate the 
advantages of such measures these are most likely to fail. 
The people should be convinced that most of the diseases 
from which the villagers suffer are preventable, and there- 
fore thousands of lives can be saved annually, and that the 
greater the co-operation the easier is the task and cheaper 
is the cost of such j)revention. The people can be educated 
by organising popular lectures, preferably illustrated by 
lantern slides, and pointing out to them the dangers of insani- 
tary habits. They should be told of the harmful effects of 
overcrowding, of dust and disease, and of the measures 
necessary to prevent infantile mortality. Easy means of 
avoiding preventable diseases can very well be illustrated, 
and the effects of bad ventilation, insanitary surroundings, 
and pollution of water should be impressed on them forcibly. 
The different preventive measures should be drawn up in 
such a manner as will make them easily workable. 

A primer in simple language, for the purpose of dis- 
seminating elementary knowledge in hygiene, may with ad- 
vantage be introduced in the village schools. The Primary 
Education Bill of Bengal is calculated to remove some of the 
defects by making education compulsory to all children. 

2. Housing Accommodation.— In villages the majority 
of the houses are huts made of split bamboo plastered with 
earth and without sufficient provision for proper ventilation. 
€attle and other domestic animals are often kept in the 
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same room where food is generally stored or perhaps cooked. 
In the construction of these huts the earth is dug out from 
the neighbouring land, which forms a hollow and eventually 
becomes filled with dirty water, and forms a breeding place 
for mosquitoes, and not infrequently this water is used for 
washing and other domestic purposes. People should be 
taught to build sanitary huts, and model bustees should be 
built to set an example. 

A description regarding the proper construction of huts 
in towns has already been given (sec page 153), but the 
following details will be found useful in case of villages. 
Each hut should contain two rooms, a kitchen and a small 
courtyard surrounded by a wall. Whenever possible there 
should be a verandah round the hut. It should be built 
on a plinth at least one foot high. The room should be 
15 ft. X 12 ft. and 12 ft. high. Each room should have two 
windows 3 ft. x 2 ft. placed opposite to each other and open- 
ing direct into the open air. If there is a privy it should be 
situated at one end of the courtyard away from rooms and 
kitchen, and built according to an approved plan. The trap- 
door should be easily accessible and the latrine must be kept 
clean by daily removal of all excreta. The floor of the huts 
should be made with some impermeable material, preferably 
cement plastered. 

3. Water Supply. — This is anothor great problem in 
villages not provided with public Avater-supply, where conse- 
quently water for drinking and cooking purposes is drawn 
from any source available, such as rivers, tanks, wells, etc., 
which are usually very highly contaminated from being used 
for all purposes. Wells are constructed without any regard 
to sanitary laws, and are sunk too close to privies or drains, 
and the interior not made water-tight by cement coating, 
with the result that offensive matter gains admission into 
the water and makes it foul. 

In some parts of India the wells are provided with steps 
so that people can get direct access to the water, conse- 
quently the chances of contaminating the water are great. 
Moreover, the incidence of guinea-worm infection is in pro- 
portion to the number of step wells existing in a place (see 
page 451). No fresh step wells should be constructed and 
the existing ones should be converted into ordinary draw 
wells. 

Tanks are more liable to contamination than wells owing 
to the fact that they are less protected, and both men* and 
animals get direct access to the water. Unfortunately in 
non-municipal areas very little attention is paid to protect- 
ing tanks from contamination. The ways in which tanks are 
polluted are innumerable : people will wash their mouths, 
bathe, pass urine and stools on the banks, wash clothes, 
eooking and other utensils, and bathe domestic animals. 
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Privies are often constructed close to these tanks. The 
result of all these insanitary habits is obvious, and the public 
should be clearly warned of the dangers of such practices. 



F[g. 157.— Step Well. 


Some arrangement should be made for a good water-supply, 
and one or two model tanks should be excavated and kept 
under proper supervision to be used only for drinking pur- 
poses. Rivers and streams are also open to contamination 
of all sorts in the same way as tanks, and generally become 
the public latrine on account of the ablutions customary in 
them. Thus the germs of cholera and typhoid fever are 
carried and spread among the people, and it is therefore 
neither safe nor desirable to drink water from any such 
sources unless it is purified by boiling. The public, there- 
fore, should be taught the importance of having pure water 
for drinking purposes and of avoiding drinking water from 
sources not properly protected against pollution. 

The question of providing a supply of pure water in 
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villages is, therefore, most important. It is neither very diffi- 
cult nor is it, necessarily, a very expensive matter to provide 
pure water. Tanks or wells {see pages 26 and 18) if properly 
constructed and looked after should afford supplies of good 
water at a relatively small cost. Where funds permit, tube- 
wells may be sunk. These are very convenient, and since 
there is less chance of contamination, they are well suited for 
the purpose. The water of large tanks when properly reserv- 
ed is often so pure as to require no filtration. Ordinary wells 
constructed with due regard to their surroundings and pro- 
perly looked after would also afford a reasonably pure water. 
It is only necessary to emphasise that under no circumstances 
should private vessels be used for drawing water. Wherever 
possible pumps should be selected as the only method for 
drawing water from a well. If this is not possible a metal 
bucket and chain worked by windlass should be used, the 
bucket being permanently kept at the well. 

For many rural areas, however, all that is necessary is to 
provide reserved tanks free from human x)ollution. The water 
of such tanks would generally be found to be pure and quite 
safe for use, especially if drawn by a pipe from the centre. 
The actual provision of pure water, therefore, is not in itself 
a very difficult question. The real problem is how to provide 
administrative machinery that would enable Union Boards 
and other local authorities both to obtain supplies of water 
and preserve its purity. Cisterns or galvanised iron tanks 
provided with taps, which are to be filled regularly from the 
well or tank, would be a great improvement on most village 
water-supplies. In some places the water from the reserved 
well or tank could be raised to a height and then distributed 
by means of pipes by gravitation. 

4. Conservancy. — This includes removal and safe dis- 
posal of human excreta, house and other refuse, slop water, etc. 
In non-municipal areas there are practically no arrangements 
for privies or latrines ; people generally go to some open 
land, or use the banks of tanks or rivers for purposes of 
nature. These are fruitful sources for disseminating different 
forms of infection. It is almost impossible to stop this habit, 
inasmuch as people of means and education have recourse to 
this sort of open air privies. The dangers of pollution of soil 
and water with human excreta in spreading hook-worm in- 
fection and other diseases like cholera, typhoid, dysentery^ 
etc., have already been discussed. It needs only to be pointed 
out that these are pre-eminently rural diseases due to in- 
sanitary habits and should not occur where there is a proper 
sanitary organisation. Children ease themselves anywhere 
and everywheie — such as the courtyard, or in or about the 
house. Arrangements should be made for privies in every 
house ; if this is not possible, public latrines should be con- 
structed in suitable places and people induced to use them. 

41 
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Where privies exist they are often situated close to tanks or 
wells, the water of which they pollute not only by soakage 
but by the washings which are carried directly into the water. 
Too often these privies are ill-kept and insanitary with ample 
opportunities for pollution of water through soakage. [See 
Fig. o, page 27). For attending to the cleanliness of latrines 
the villagers would do well to engage a methar (sweeper). 
Fouling of the seats is quite common and if once they are 
fouled people will not use the latrines, but will pollute the 
place all round it, not excepting the passage, and so create a 
nuisance. There should be separate latrines for women — well 
protected and screened. If these latrines are not possible, 
bored-hole latrines may be constructed. Trench latrines are 
quite suitable and inexpensive. A simple method of combined 
latrine and trenching ground suitable for small communities 
is to have a plot of land properly fenced and divided into 
two portions. Each evening a trench is dug in the one 
division, the earth being piled on the side. The excrefca are 
deposited in this trench and each person is instructed to 
cover the deposit with enough earth. A sweeper goes round 
in the evening and covers the dejecta more completely and 
digs a second trench to be used in the saqie way the follow- 
ing day. Thus when the whole half portion of the plot is 
used up, the other half is next used. People should be 
instructed not to use the tank for ablution purpose — a most 
common and pernicious habit. Where sweepers are avail- 
able, arrangements for proper disposal of night-soil should 
be made. 

Disposal of dry refuse is equally important. This consists 
of food waste, dust, refuse from stables, workshops and 
shops, dry leaves and flowers. All these undergo rapid 
putrefaction and give off offensive smell. They should be 
frequently removed and not scattered about the house or 
thrown about the road. It is not uncommon to throw all 
refuse in the back yard where they collect in heaps. This 
is a very insanitary practice ; the refuse undergoes decom- 
position and gives off' offensive gases, breeds flies, and during 
the rains the polluting materials are washed away and 
contaminate tanks, etc. The flies are the greatest carriers 
of diseases like cholera, typhoid fever, diarrhoea, etc., and 
their breeding should be checked. The refuse, therefore, 
should be properly disposed of. There are two practical 
ways of disposal of garbage, viz. to bury it or to burn it. In 
small places, burial is a very good method. The pits should 
be ‘just big enough to hold a pail of refuse which is then 
covered with three to four inches of earth on the top, and a 
new site selected for each successive pail. It may also be 
utilised in reclaiming low lands, hollows (Dohas\ or in the 
preparation of compost {see page 259). But they create a 
serious nuisance if not properly carried out and if located 
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near to the road side or to dwellings. They must be covered 
with earth or rubbish from dismantled houses. 

The night-soil and refuse may be disposed of together in 
a more sanitary way by incineration. This is possible where 
there is organised labour under proper control and sufficient 
combustible material in the refuse. When the refuse consists 
of dry leaves, wood, etc., it may be utilised to supply the 
necessary inflammable material. A small incinerator will be 
found quite efficient for the purpose. This type was exten- 
sively used with success dur- 
ing the war under the name 
of ‘‘Beehive Incinerator.’' It 
is easy to construct, easy to 
manage, and would burn quite 
an enormous quantity of 
refuse. 

It is built with a subter- 
ranean air space for draught, 
a central air cone, and at the 
level of the top of the air 
cone, and close to it, a per- 
forated tray for burning 
feeces. The walls are made 
of brick, stone or similar 
material cemented together 
with a mixture of clay and 
cow-dung. 

The subterranean air 
space gives just as good a draught as any other, and with 
an open air cone above its centre produces a draught when 
inflammable material such as, wood, paper, etc., are being 
burnt. A zone of intense heat is produced immediately 
around the air cone on which the perforated tray for feces 
rests. The night-soil is rapidly dehydrated and charred and 
ultimately catches lire. The openings allow the liquid 
excreta, etc., to percolate through on to the bed of the fuel 
and refuse beneath which absorbs them. In the zone above 
the air cone, gases and smoke arising from the burning and 
destructive distillation of the contents are burnt, and what 
escapes from the funnel is practically only steam which is 
soon dissipated into the surrounding atmosphere. 

If funds permit the night-soil may be disposed of by 
constructing what is known as a “Dumping Septic Tank.” 
By suitable arrangements, provided there is sufficient supply 
of water, the night-soil may be carried and allowed to jfass 
into a septic tank. 

A modilied form of water-carriage system for the disposal 
of sewage on a small scale can be arranged in public institu- 
tions, clubs, tea gardens and by well-to-do people in the 
mofussil, who have sufficient fund at their disposal. Such an 



Pig. 158.~Beehive Incinerator. 
(From the Official History 
of the War). 
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arrangement is shown in figure 159 constructed by the 
National Eeinforced Concrete Co. of Australia, which works 
well and is very popular. All that is required is an arrange- 
ment for flushing the water closet by having the water stored 
in a overhead reservoir by a hand pump. The sewage is then 
carried by stoneware pipes to a small household septic tank 
built on the same principle as described on page 309. It 



should consist of two chambers the first compartment serving 
the purpose of a grit chamber in the septic tank latrines (see 
Fig. 159), the effluent is then carried to a soakage well, 
which may be conveniently built away from the house on 
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some open land. This well is not permissible near to a well 
or tank from which water is drawn for drinking purposes, 
nor where the soil consists of impermeable clay, but may be 
built where the subsoil is comparatively porous. It is a simple 
and effective method of getting rid of the tinal effluent. 

K-ecently a modilied form of chemical closet (sec page 268) 
under the name of ^‘Austral Auto-Flush Cabinet’' has been 
introduced and which gives all the advantages of a complete 
sanitary system. It consists of a metal tank containing a 
special solution and the seat is over the tank. The special 
solution disintegrates the excreta and dissolves all soluble 
matter, and only 12 gallons of water are necessary to charge 
the machine and that only once a month. It may be used 
in bungalows, clubs, camping sites, etc., where no water- 
carriage system exists for removal and disposal of sewage. 
It eliminates buckets, offensive odours and fly nuisance. The 
contents are discharged once a month into a small i)it filled 
with rubble and covered with earth. 



Fig. 160 . —“Austral” Auto-B'lusu Cabinet. 

A, steel tank ; B, metal tray automatically plunged in solution 
when seat-lid, D is lowered ; E, operating handle for lifting and 
lowering the seat : G, automatic overflow, maintaining constant 
level ; J, pipe leading to soakway drain ; L, water level when first 
charged ; M, removable lid covering emptying plug. • 

The removal of slop water, rain water and other liquid 
filth is generally effected by surface drains in both municipal 
and non-muuicipal areas. Ordinarily these are inefficient, 
ill-kept and are no better than dirty offensive puddles. They 
have no proper gradient, and during the rains they become 
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full of foul liquid which undergoes decomposition and putre- 
faction giving off an offensive smell. These drains are no 
better than elongated cesspools, and not being made of any 
impervious material, they act as sources of pollution to the 
neighbouring tanks and wells through percolation. In most 
instances weeds and other plants grow on the sides and 
beds which materially impede the free passage of water. A 
proper system would be as follows : — 

1. They should be constructed with a proper gradient, 
and made impervious with cement or glazed half-channelled 
pipes. 

2. They should be cleaned periodically and all weeds and 
plants removed. 

3. They should not lead or open into any tanks or any 
other sources of water-supply. 

4. They should be disposed of by irrigation over agri- 
cultural lands and away from any human habitation. 

Disposal of the Dead . — Both man and animal when dead 
require to be disposed of properly. In villages dead animals 
are simply thrown away on the road or on some open land 
near about the house, where they undergo putrefaction and 
give off most offensive smells, while dogs and jackals carry 
them about creating a great nuisance. Dead bodies are 
burnt anywhere and everywhere, or thrown into the river 
and sometimes buried in the house. These are most insani- 
tary practices and prejudice the health of the people. It is 
therefore necessary that some rules should be observed with 
regard to all dead bodies. Burning of the dead should be 
allowed only in some fixed places allotted for the purpose. 
It should be well protected from outside and no one should 
be allowed to throw dead bodies or half-burnt bodies into 
the water. Where there is a river, burning should be done 
on its bank and only burnt ashes may be thrown into the 
water. Clothes, bedding, etc., should not be scattered about 
but burnt with the dead. If cremation is done near a tank, 
the tank must be kept separate and the water should not 
be used for drinking purposes. {See Disposal of the Dead, 
page 326). 

5. Protection against Malaria.— The reduction or sup- 
pression of malaria in villages is of vital importance, inas- 
much as the majority of malaria infection occurs in villages. 
Although the broad principles for preventing the disease are 
the same whether one has to deal with cities, towns, can- 
tonments and villages, yet the details by which these are 
carried out are not identical. The mass of people living in 
the villages are not only poor but are ignorant of the very 
rudiments of sanitation. Measures, therefore, to jjrevent 
mosquitoes from biting by having mosquito-proof houses, fans 
or punkhas, or by the use of culicides cannot be so freely and 
universally adopted. Eeduction can only be effected by case 
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reduction in villages, and by measures which will reduce the 
number of anophelines in and around them. It is, therefore, 
necessary that the rationale of our present day prophylactic 
measures of malaria should be widely circulated and made 
known. In every village, persons capable of understanding 
the primary principles of prevention should be held respon- 
sible for the carrying out of the preventive measures, and 
villagers should be impressed with their importance through 
them. Travelling dispensaries in charge of medical officers 
will serve a very useful purpose in distributing quinine and 
giving relief to the villagers, especially during the malarial 
season. The people must be taught to help themselves and 
once they can be made to realise what ^Vater-tidiness’^ 
consists in, elimination of the offending larvae will be a 
comparatively easy task. The public should realise the true 
significance of water-tidiness, and water should not be allow- 
ed to be collected in rejected vessels, broken tin boxes, etc., 
and shallow pools should be filled up. Instructions regard- 
ing the main facts connected with malaria should be given 
by popular lectures, and illustrated leaflets, in the vernacular 
of the place, circulated. The value of cinchona alkaloids as 
a prophylactic and the use of mosquito nets should be 
forcibly impressed on the public, and the prejudice against 
quinine, which so widely prevails, even amongst men of 
education, should be removed by all reasonable means. When 
quinine is distributed amongst the masses, it must be done 
through some responsible person, who should see that it is 
actually taken and not thrown away, as is often done, by the 
ignorant villagers. The elementary principles of sanitation 
may be incorporated in text-books for children. Besides the 
above, the following special measures recommended by 
Hehir are of great value : — 

1. The treatment of all cases of malarial fever and 
malarial enlargement of the spleen with quinine. 

2. The making of surface drains (oven kutcha drains) 
properly graded for removing rain water and refuse water 
generally. 

3. Covering of all sources of water-supply with some 
mosquito-proof material. 

4. The filling up of all borrow pits and other excavations 
in and around villages for a distance of at least 100 yards. 

5. The prevention of all cultivation within this 100 yard 
limit and of wet cultivation Avithin 200 yards. 

6. The keeping of this 100-yard area and the interioV of 
the village free from mosquito larvie. 

7. Jungle and shrub should be cut down and burnt for sn 
distance of 100 yards around the village. 

General principles of prophylaxis against water-borne 
diseases : — 

(a) All discharges, feces and urine, in which the organisms 
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of disease are found are to be destroyed or disinfected as 
rapidly as possible. 

(h) Flies are the principal carriers of these germs and 
therefore food, milk, and water should be properly ])ro- 
tected against flies. Kitchens should be made fly-proof. Flies 
breed in refuse and these should be properly disposed of. 

(c) Since it is possible that apparently healthy persons 
may also harbour disease germs, it is important that all 
excreta should be satisfactorily dealt with. 

(d) Water-supplies, milk and other food should be pro- 
tected from the possibility of contamination by the so-called 
carriers. 

(e) Boiling of water and milk, and thoroughly cooking 
other articles of food liable to be contaminated. 

(f) Preventing washing of clothes and other utensils in or 
near a tank or well, 

ig) Setting apart a tank for drinking purposes only, and 
not allowing washermen (Dhobics) to wash dirty and infected 
clothes. 

(h) Preventing milkmen from using dirty water for clean- 
ing pails and other utensils, or mixing suspicious water with 
milk. 

(i) Using bleaching powder to sterilise all suspicious waters 
of tanks or wells. 

That the general health of a place can be materially 
improved by proper sanitary organisation is amply illustrated 
from the reports of the Mines Board of Health at Asansol in 
Bengal. A place once the hot-bed of disease, the population 
of which was being annually decimated by a regular succes- 
sion of epidemic diseases, chiefly cholera, small-pox and 
malaria, has been transformed into a most salubrious area of 
its size in the plains of India, with a death-rate which 
compares favourably with that of many countries in Europe. 



CHAPTEE XXVI 

SANITATION OF FAIRS AND RELIGIOUS 
FESTIVALS 

The sanitation of fairs (melas) and religious festivals in 
India, though very important, is a complicated task. Every 
time tliat a fair or a rnela is held or there is a religious pil- 
grimage, it is followed by an epidemic of water-borne diseases, 
chiefly cholera. Thus in some important places of pilgrimage, 
e.g. in the Kmnhh ntelasy which take ])lace every twelve 
years and where millions of people congregate, epidemics of 
cholera occurred regularly from 1867, except 1891, when 
there was only a very mild epidemic. Places for pilgrimage 
in India are many; some are of a permanent nature, while 
others are temporary. Permanent centres are places posses- 
sing special religious sanctity, and which attract quite a 
large number of pilgrims all the year round. These are 
Hardwar, Benares, Muttra, Brindaban, Puri, Kalighat in 
Calcutta, and Tarkesvvar in Bengal. In temporary centres 
pilgrims assemble in large numbers at certain times of the 
year only. Thus during a bathing festival people congregate 
by thousands along the banks of the sacred rivers which 
afford sufficient opportunities for pollution of water and 
spread of disease. Figure 161 shows how an Indian river is 
being used for bathing purposes during such a festival. The 
pilgrims are as a rule half starved and are not used to any 
discipline and are not in a mood to co-operate with the 
health authorities.’ When they congregate in large numbers 
not only they spread infection but they possess little or no 
resistance due to malnutrition, hardships and insanitary con- 
ditions under which they have perforce to live and move. 

Abundant evidence is now available to show that these 
congregations of people, either in the different pilgrim 
centres or in the different melas and fairs, are frequently 
responsible for the outbreak and spread of diseases dissemi- 
nated by close personal contact, by contamination of food 
and water, and by the agency of flies. Thus epidemics of 
cholera have time and again been traced from pilgrim cen- 
tres at Puri, Hardwar, Allahabad. Moreover many other 
epidemic diseases though less dramatic in their manifesta- 
tions also arise in connection with fairs. * 

The organisation of sanitary control sufficient for the 
wants of ordinary pilgrim traffic in the many x^^rmanent 
centres is not so difficult. But efficient sanitary oversight 
during special melas or festivals, which take place at recur- 
ring intervals, is a very difficult problem and cannot be so 
easily managed. Since different fairs vary greatly in style 
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and character, it is not possible to formulate fixed rules that 
will apply to all such places under all conditions. Sanitary 
measures called for must x)erfoice depend upon the local 
conditions. In every case a regular plan of work should he 
drawn up and arranged previously. The site should be 
marked out, and the whole area divided into isolated j^lots 
and each such j)lot i)laced in charge of one or more sanitary 
officers, who should see that the latrines are kept clean, 
that the lodging houses are free from any sickness and 
kept in proper order. The number of carts, sweepers, scaven- 
gers and the inspectors necessary must be calculated before- 
hand on the basis of the approximate number of people 
likely to be present. All lodging houses should be registered 
and the number of lodgers to be accommodated in each fixed. 



Fig. 161 .— An Indian Rivkr During a Rathing Fkstival. 

Ventilation, drainage, cleanline.ss, water-supply and privy 
accommodation for each should be inspected, and unless 
satisfactory, a license should not be given. At the same 
time rules should be drawn up, regarding the management of 
the lodging houses, the number of persons to be accom- 
modated, the cleanliness of the jiremises, protection of the 
water-supplies, and prevention of nuisance, etc. For the 
control of the lodging houses special temporary legislation 
under the Epidemic Diseases Act in respect of cholera, 
small-pox, etc., or registration in the form of a special Act 
on the model of the Puri Lodging Houses Act should be 
incorporated in the Public Health Act. 

The fact that the majority of peo|>le attending the 
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pilgrim centres travel by rail, it is necessary that proper 
medical arrangements should be made by the railway autho- 
rities. There should be arrangement for medical inspection 
in important stations so that patients found suffering from 
infectious diseases may be removed. But this should not 
be done in places where there are no facilities for treatment. 
To ensure co-operation, the Public Health authorities of the 
adjoining provinces and the Eailway Health authorities 
should meet before the fair and draw up a scheme for con- 
certed action. The attention of the intended pilgrims should 
be drawn to the possible dangers involved and the advan- 
tage of getting themselves inoculated against cholera before 
leaving their homes. 

For the efficient control during these fairs and melas 
the following points require careful attention, viz . — 

1. Accommodation. 

2. Medical and sanitary arrangements. 

3. Water supply. 

4. Efficient conservancy. 

5. Pure and wholesome food. 

For carrying out of the above measures the following 
conditions are necessary, viz. (a) some persons or body of 
persons should be responsible for the organisation and con- 
trol of the fair or mela ; (/>) adequate executive staff for 
inspection and other sanitary work ; (c) rules for the con- 
trol both of the staff and the pilgrims attending the fair 
should be drawn up and enforced ; (d) funds should be pro- 
vided for the payment of the staff and the carrying out of 
the sanitary measures. 

1. Accommodation.— The management of the lodging 
houses for the accommodation of the pilgrims has been 
detailed above. But the site where the fairs should be held 
requires some attention. The land selected should have 
natural drainage, well shaded and watered, and laid out 
previously and kept ready before the arrival of the lirst 
batch of pilgrims. 

The whole area should be cleared of jungle and dense 
vegetation and the approach road metalled or otherwise 
made firm. The land between the main roads should be 
divided by cross roads, and the space between any two cross 
roads should be taken as a section of the fair. In case of 
large fairs there should be a second broad road for the 
returning pilgrims. The place should be carefully marked 
out and provision made for the accommodation of officers-in- 
charge, the police, the hospital, the booths, residential 
blocks and latrines. Facing the main roads on either side 
will be the booths, and behind these will be blocks reserved 
for residence of i)ilgrims. A strip ten feet wide should be 
left along the breadth on opposite side of each block as a 
sanitary area for urinals, etc. 
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All shallow depressions, pools and back waters should be 
filled up or fenced in. 

2. Medical and Sanitary Arrangements.— Every fair 
shall be under the medical and sanitary charge of the 
Medical Officer of Health in whose jurisdiction ic is held. 
The sanitary officer should look for any case of infectious 
disease occurring in or near the fair. 

The whole area should be divided into blocks and each 
block placed under the charge of a sanitary inspector, who 
shall daily inspect the area under him and report the occur- 
rence of any suspicious case of illness ; arrangement being 
made to receive daily reports from the sweepers in charge 
of each latrine of any case of unusual diarrhoea or any 
similar disease. 

For the removal of the sick, stretchers or doolies should 
be provided at the fair hospital and also at the police out- 
post, and gangs of bearers kept in readiness to carry 
patients. Unless there is a permanent hospital or dispensary, 
every fair must be provided with a temporary general 
hospital and an isolation hospital. They may be conveniently 
placed in one of the side roads away from the main road and 
preferably on an open land. 

For the accommodation of infectious cases temporary huts 
may be erected, one for male patients, and one for female 
patients, with quarters for the medical ofiicers, servants, etc. 
Latrines, with Avooden seats and iron or earthen receptacles, 
should be close to the wards. All the dispensaries should be 
equipped with prescribed standard drugs and stores, stretch- 
ers, doolies, disinfectants — such as hycol, cyllin (see p. 481), 
and vessels for boiling water, etc. 

3. Water Supply. — An efficient arrangement for the 
supply of wholesome Avater for drinking purposes is of utmost 
importance, and since the pilgrims are generally affected with 
water-borne diseases, every source of supply must be kept 
under proper supervision to prevent improper use and con- 
tamination. In places where filtered water-supply is not avail- 
able deep tube Avells should be provided whenever possible. 
In the absence of these, a sufficient number of masonry Avells 
or reserved tanks should be constructed, at the same time all 
temporary or kutcha wells should either be closed or treated 
with bleaching powder. Some arrangement should be made 
for drawing water from wells and indiscriminate use of other 
vessels strictly forbidden. The wells should be disinfected 
with chloride of lime a few days before the commencement of 
the mela. If there are a sufficient number of tanks already in 
existence, a few may be selected and reserved for drinking 
purposes, and no one should be allowed to wash on the banks 
or bathe in these tanks. The above precautions should also 
be observed in case of rivers, where such exist, to protect the 
water from pollution. Every morning and again in the 
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evening some sweepers should patrol the banks of the rivers 
to remove all filth. 

Good water may also be provided by arranging some 
galvanised iron cisterns or tanks fitted with taps, filled 
regularly from some reserved tanks or wells, or with filtered 
water when available. 

Burning ghats should be located well down the stream 
beyond the fair limits. 

4. Efficient Conservancy. — A proper arrangement for 
efficient conservancy is as important as the supply of good 
drinking water. It is, therefore, necessary that an adequate 
staff* of properly paid sweepers should be employed. The 
whole gang should be divided into groups in charge of a mate 
and every sweeper must bear a numbered badge and pro- 
vided with quarters near his work. Female sweepers should 
be employed for latrines meant for women. 

The sites for latrines must be previously selected and 
their construction supervised by the sanitary inspector. In 
the construction of the latrines the following points should 
be attended to : — 

(а) They should not be too far away, or else the people 
will not use them. 

(б) No latrine should be more than a hundred yards away 
from the fair limit. 

(c) The inhabited site of most fairs should be laid out in 
rectangular blocks and behind each one or two blocks the 
latrines should be situated. 

{d) In the fairs where the people visit daily but do not 
live there, at least two seats for every 1000 people may be 
taken as the average. 

(e) For pilgrinxs living within the area of the fair, one 
seat for every 100 persons may be taken as a fair average. 

The type of latrine best adapted is a trench latrine, {See 
page 268). A trench forty feet long, ten to twelve inches 
wide and eighteen to thirtysix inches deep is convenient. 
The person using the latrine will squat with one foot on each 
side of the trench. The earth is pulverised and kept behind 
the trench leaving a space about six inches along the border 
of the trench for the foot rest. Movable screens are placed 
both in front and at the back of the trench behind the 
accumulated earth. By placing screens three feet wide across 
the trench separate compartments are easily made, each 
screen being three feet away from the next. By a partition 
placed in the middle, each forty feet trench is divided, into 
two sections and each section should accommodate seven 
seats. 

When the first trench is filled up the screen in front of it 
is removed and placed behind the second one and in this 
way as many trenches as are required may be utilised. 

In place of trench latrines arrangements may also be 
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made by placing earthenware vessels (gamlas) on the ground 
with two bricks forming the foot pads. The ground should 
be hollowed out where the receptacles are placed. These 
latrines may be arranged in rows of twenty with bamboo 
matting partitions, and provided the receptacles are regularly 
cleaned as soon as they are used these will be found to be 
quite satisfactory {see Temporary Latrines, page 271). 

Urinals should be located at the corner of each block of 
the inhabited side of a fair. In ordinary soil a pit four feet 
square and five feet deep hlled with broken jhama four feet 
deep should be made and at each corner of this pit, a 
kerosene tin full of sawdust with a perforated bottom is 
placed soaked in perchloride of mercury (1 in 500). 

Every latrine must be constantly kept in a state of 
cleanliness and should be properly lighted at night. To 
prevent people from using places other than the latrines, the 
approaches should be kept scrupulously clean, all vegetation 
and high crops near about the fair previously cut down 
and removed. The night-soil should afterwards be removed 
in proper receptacles or night-soil carts for disposal. The 
method of disposal will depend upon the local conditions, 
and may be done either by burning or by trenching. 

Satisfactory arrangement for the removal and disposal of 
all refuse should be made. Therefore there must be sufficient 
number of refuse carts, dustbins and wheel-barrows. The 
refuse may either be dumped in a place previously prepared 
for the purpose, or incinerated. Temporary incinerators of 
the ‘‘Beehive’^ pattern or open incinerators will serve the 
purpose quite satisfactorily. A description of the closed 
Beehive incinerator will be found on page 643. Although 
the burning of solid excreta in an open incinerator is not 
theoretically satisfactory, it was found quite efhcient during 
the last war and may with advantage be utilised during 
fairs as a temporary measure. 

5. Food Supply.— Arrangements should be made for the 
supply of pure and wholesome food at a reasonable cost. 
The sanitary inspector should examine the milk, fish and 
other foods, and should see that these are kept in a cleanly 
condition. Unwholesome food, over-ripe fruit and decaying 
vegetables should be strictly forbidden. If these are dis- 
covered they should be seized and destroyed as a preventive 
measure. 

The Kumbh mela held in the year 1930 lasted for about 
one month from January l’4th to February 13th, where 
millions of people assembled at Allahabad to bathe in the 
river Ganges, specially where it joined the river Jumna. 
The river at Allahabad recedes about a mile during winter 
and it was at this dried up river bed that accommodation for 
100,000 pilgrims was made with serried rows of tents, huts 
and other temporary shelters. 
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The whole inela area was divided into ei^fht sanitary 
circles, and each circle was placed in charge of a medical 
officer who had under him two or more sanitary insi)ectors, 
four vaccinators, four jamadars, one cooly for disinfecting 
duties, besides sweepers and mates according to requirement. 
There were also two or three domes for collecting corpses 
and for the disposal of unclaimed dead bodies. 



For tlie disinfection of wells in the mela area there was 
a separate unit of eight kahars under one sanitary inspector. 

One main hospital with 100 beds was provided for the 
treatment of general diseases. Branch hospitals were pro- 
vided in each mela circle and one additional hospital for the 
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Police with ten beds in each. There was in addition one 
first aid station in each circle and stretcher squads at the 
various railway stations and at suitable places in the raela 
area. One main infectious disease hospital with 100 beds 
and two branch hospitals with 10 beds in each were provided 
for the segregation and treatment of infectious cases. 
Besides another hospital was put up by the Municipal Board 
in that part of the city where a large number of lodging 
houses were situated. 

Most of the pilgrims were inoculated against cholera at 
the station of departure and steps were also taken to inocu- 
late in the mela area against cholera and typhoid, and to 
vaccinate against sraall-pox. 

Sanitauy Control of Hedjaz Pilgrimage 

The pilgrimage to Mecca is enshrined in a halo of romance 
and has always been of great interest to the different 
nations of the Avorld. For the last fifty years the sanitary 
problems connected with the pilgrimage have been recog- 
nised as being of great international importance. Because 
in the first place, the sanitary conditions are very un- 
satisfactory, and are beyond the reach of direct European 
supervision ; in the second place, the places are the seat of 
annual concourse of several thousands of people from all 
parts of the Moslem world, in some of which cholera and 
plague are endemic ; finally, immediately after the festival 
there is rapid and widespread dispersal of the pilgrims to 
different parts of the world. Situated as it is, the Hedjaz, 
in fact the whole area surrounding the adjoining Red Sea, 
has on several occasions in the past proved the corridor by 
which various infectious diseases have spread from East to 
West as also from West to East. At least on one occasion 
cholera introduced into Mecca by pilgrims from the East, 
was carried to Egypt whence it spread almost throughout 
Europe, invaded England and reached New York. Conse- 
quently ever since international sanitation became the sub- 
ject for discussion between the nations of the world, and 
it has been realised that special precautions should be adop- 
ted with reference to all the Red Sea traffic and specially 
the Mecca pilgrimage. 

Certain measures for the sanitary control of the pil- 
grimage are prescribed by the International Sanitary Con- 
ventions of 1926. Although the Government of India has not 
yet ratified the Convention, it is generally agreed that it 
would be in the interest of India to ratify it. 

The main countries from the East from which pilgrims 
travel are India, Burma, the Malay States, the Netherlands, 
East Indies and China. They may travel overland, but as 
generally happens most of the pilgrims travel by the sea. 

Prom the year 1882 onwards pilgrim ships coming to 
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the Hedjaz have been required to put in at Kamaran island 
near the southern end of the Red Sea, to be dealt with in 
accordance with the provisions of the successive Inter- 
national Sanitary Conventions. It was administered by the 
Constantinople Board of Health, on behalf of the Ottomann 
Government until June 1915, when the island was occu- 
pied by the British Government. After the war the island 
passed into the hands of the Government of India, but 
since Hollaod was equally interested in the regulation of 
the pilgrim traffic, because of the large number of Moham- 
medan pilgrims from the Dutch Fast Indies, an Anglo- 
Dutch agreement was signed in 192G. This agreement will 
be in force for eight years and embodies in its schedule the 
measures laid down in part III of the International Sanitary 
Convention including the control of that traffic at Kamaran.* 
The principles of the agreement are (1) to protect the 
interest of the various territories, outside the Hedjaz, 
through which pilgrims must pass ; (2) to co-ordinate 
arrangements for the transport of the pilgrims from one 
country to another with the maximum of comfort ; (3) to 
avoid repetition of the sanitary and quarantine measures, 
inoculation, etc., imposed on pilgrims en rotife. 

The following are important recpiirenients of the agreement : — 
Art. 3. Anti-smallpox vaccination .and two anti-cholera inoculations 
are obligatory and are carried out in the country of origin within 
six months of the date of departure. Anti-plague vaccination 
depcMids upon the epidemiological circumstances in the countries of 
de])arture and of transit, hvery pilgrim must be furnished with a 
*^pdgiiinage card.’’ Art 4. Tlie card must sliow, it)ter alia, the 
photograph or finger print, the rank of the ])ilgriim the route 
followed, the vaccination jierformed, etc. Art. 5. Tlie “pilgrimage 
card” will be delivered by the country of origin or elsewhere by the 
Consuls of that country. Before delivery the pilgrim must produce 
a return ticket and deposit a guarantee. These may be waived if the 
country of origin accepts full res|)onsibility for the cost of the 
voyage. Art. 7. The transit by land route of pilgrims who do not 
fuliil the conditions re(pured, e.g. who only had one anti-cholera 
inoculation, will be effected by convoy under surveillance, but 
measures applied to foreigners will be no more severe than those for 
nationals. Art. 9 and 10 refer to the delinite route which pilgrims 
from the various countries must follow. 

For further information consult Report of the Haj liKpiiry 
Committee, 1931, Government of India; Report on the Inquiries in- 
to the measures for the Hanitary (’ontrol of the Hejaz Pilgrimage, 
1919, by Lt. Col. E. Wilkinson. 
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VITAL STATISTICS 

Vital statistics may be defined as the science of numbers 
applied to the life-history of communities. The general state 
of the public health in every country depends largely on the 
measure of adjustment of the relation of the individual and 
the race to the environment; the more complete and con- 
tinuous the adjustment the greater being the longevity. Of 
the problems oi* life Avith which the science of vital statistics 
is concerned the following are of special importance, viz, 
population, birth, marriage, sickness and death. 

A thorough enumeration of the population as well as the 
registration of births and deaths according to age and sox 
causes form the natural basis of vital statistics. But it is 
necessary to explain that the vital statistics of India are of 
a defective character. There is no record of marriages and 
an inadequate one of sickness. Begistration was lirst in- 
troduced in India in 1863, but the dpfiiculties encountered 
have been great. The people, doubtful of the object, do not 
like to make their domestic afiairs public. The statement of 
the causes of death leaves much to be desired, as many die 
without being attended to by a qualified medical man, and 
all case of death accompanied by a rise of temperature are 
attributed to “fever.’^ Moreover, during an epidemic the real 
cause of the disease is often concealed in order to escape 
sanitary measures. 

To improve the registration of births and deaths, that is, 
to bring vital statistics up to a desired standard, the local 
authorities should insist on having a daily record of all 
deaths registered at the burial-grounds and burning ghats 
and compare these with those already reported at their 
office for registration. In cases of deaths not reported the 
authorities should take suitable action against the defaulters 
as provided by the Acts. In the case of births, measures should 
be taken to force the householder, or the parents, or to induce 
the midwives or dais to report all births within a fixed period 
(usually seven days). The vaccinators as well as the outdoor 
municipal staff should enquire about all such events during 
their rounds and report to the authorities any cases of 
omrission for proper steps. 

It is of great importance that the registration of births 
and deaths should be accurately kept, inasmuch as the facts 
derived from such registration are of great value in deter- 
mining not only the numerical changes in the population, 
but also the extent of mortality and its causes. The cumula- 
tive effects of the various health factors on the vitality of 
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the population is shown in the variation in the birth- and 
death-rates. The registration of vital statistics is done 
throughout British India except in the most remote and 
backward tracts. 

In England births must be registered within 42 days, 
and deaths within 5 days; the latter must be accompanied 
by a certificate of death signed by a registered medical 
practitioner. Births must also be notified to the M.O.II. 
within 36 hours, this is for a sanitary purpose so that the 
Health Service may get in touch with the mother and child 
and endeavour to give them the benefit of Maternity and 
Child Welfare Centres. 

In India the registration of Births and Deaths Act of 
1873 when applied makes the registration of births and 
deaths compulsory. Where applied, the local authority must 
appoint a registrar or a sub-registrar, who must keep himself 
acquainted with vital happenings in his area and should 
institute legal action against delinquents. As a rule this 
act is only applied in municipalities, and is very feebly 
enforced. 

Under the Calcutta Municipal Act of 1923, deaths should 
be registered by medical practitioners in attendance within 
3 days and in hospitals within 12 hours. As a matter of 
practice, most of the registration is done by sub-registrars at 
burial grounds and cremation grounds. In other munici- 
palities the 1873 Act applies. In rural areas, the 1873 Act 
may be applied by the District Magistrate or the information 
about births and deaths collected in any way directed 
by him. The chowkidar reports to the ])olice or to the 
President of the Union Board, who passes on the information 
to the District Health Officer, who then submits his monthly 
report to the Director of Public Health, who in this respect 
corresponds to the Registrar General of England. The 
Director of Public Health, Bengal, estimates that birth and 
death returns are short by 27 per cent, and in some districts 
the omissions, especially as regards births, are much higher, 
reaching sometimes 50 per cent. 

In India the first census was taken between 1867 and 
1872 and was repeated in 1881 and subsequently at intervals 
often years, and the last was taken in March, 1931. The 
value of these enumerations has been very great, although 
the return of ages is by no means accurate, since the ma- 
jority of people being illiterate cannot furnish correct state- 
ments of age and occupation. But the figures enablers to 
make an approximate estimate of the true birth- and death- 
rates and of the mortality by age and sex, and afford data 
for the construction of a life-table. 

The following table gives the population of India at the 
various censuses since 1881 and the rate of increase; — 
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Population of India Enumerated at each Census and 
the Bate of Increase 


Year 

Population 

Rate (percentage) of increase 
based on the previous 
census population 

f872 

20G,162,360 


1881 

253,896,330 

23.15 p.c. 

1891 

287,314,671 

13.16 p.c. 

1901 

294,361,056 

2.45 p.c. 

1911 

315,156,.996 

7.06 p.c. 

1921 

318,942,480 

1.20 p.c. 

1931 

352,837,778 

10.63 i).c. 


It may be mentioned that figures given above have been 
substantially coloured by two important factors ; — (1) In- 
clusion of large tracts of new areas at each census ; (2) the 
I)rogressive increase in tlie accuracy of enumeration from 
census to census. 

The following table gives the real rate of increase in 
population after making allowances for these two factors. 


Real Rate of Increase of Population 


Period 

Pe rce n ta ge i nc lea se 
during the period 

1872-1881 

1.5 

1881- 1891 

9.6 

1891-1901 

1.4 

1901-1911 

6.4 

1911-1921 

1.2 

1921-1931 

10.6 


Estimation of Population. — The population figure is the 
denominator in estimating death-rates and birth-rates. The 
accuracy of these rates will therefore depend on the accuracy 
of the estimation of the population. As the population varies 
every day throughout the year, the mid-year population of 
July 1st is the one adopted for estimating birth- and death- 
rates. The census is taken usually during the end of first 
quarter of the year, so that this even does not give us the 
required figure. There are various methods of estimating 
the mid-year population, none are absolutely correct and all 
are approximations. The method selected for a particular 
place should be that one which by experience has been 
found to give most approximate results as checked by the 
actual census figures. In India some municipalities en- 
deavour to estimate mid-year population year by year, but 
most {e.g. Calcutta) simply take the last census figure for 
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calculating birth- and death-rates. As the intercensal period 
progresses and the population is meanwhile increasing, the 
estimated birth- and death-rates are too high, and this 
mistake gets greater. 

Estimation of population is generally done by the follow- 
ing methods ; — 

1 . If a strict record of emigration and immigration be 
kept then in a country in which a complete registration of 
births and deaths is enforced the population can be ascer- 
tained by balancing the natural increase by excess of births 
over deaths and increase or decrease due to migration. 

This method has proved fairly reliable in England and 
Wales for the country as a whole, for births and deaths are 
known and the differences in any year (natural increase) 
accurately determined. Figures for immigration and emigra- 
tion are also now available and are regularly published. 
Estimations of populations by this method for the whole 
country are therefore possible but informations of population 
movements within the country itself are usually not available 
and the method is therefore not applicable to towns and 
districts. 

Thus the Eegistrar General of England and Wales was 
able to i)redict the 1931 census figures within 0.9 p.c. 
margin of error. In India, for the 1931 census, India born 
persons living outside India were estimated to bo 2^ millions 
and foreign-born persons living in India to be less than a 
million. The Public Health Commissioner in India recom- 
mends that for calculating the yearly inter-censal popula- 
tions in provinces, the method of natural increase should 
be used. 

2. Estimatioh by Arithmetic Progression. — This is based 
on the assumption that the increase in population in an 
intercensal period is constant from year to year and pro- 
ceeds by arithmetic progression, i.e. there is an equal addi- 
tion to the population every year ; and further that this 
same rate is applicable to the years following any intercensal 
period. 

Thus if the census population on 1st April 

1911 was ... ... ... 25,000 

and in 1921 ,, ... ... ... 30,000 

the increase in ten years was 5,000, and the average yearly 
5000 

increase was = o00. 

10 ^ 

To find the mid-year population of 1925. This is years 
from the end of the 1st quarter of 1921. 

The mid-year population of 1925 is therefore 30,000 + 
4i X 500 == 30,000 + 2125 = 32,125. 

This method has been found to give fairly correct results 
for certain rapidly growing towns of America. 

3. Geometrical Progression Method. — This method as- 
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sumes also that the rate of increase is constant, and is the 
same as existed during the previous intercensal period of ten 
years. The rate of increase however is not considered 
arithmetical but geometrical ; that is, each increase of 
population in one year contributes its share of increase 
during the following year (like money accumulating by 
compound interest). 

Thus, if P = population of any census year. 

R- annual increase per unit of population, i.e. per 
person. 

Then one person l)ecomes (l + R) at the end of 1 year; and P 
persons l)econie P (1 + K). 

At the end of the second year P(l + R) persons become P(l+ R) x 
(l + R)==P(l^-R)^ 

At the end of the 10 years they become P(l + R)® x (1 -f R) = 
P(1 + R) ' 

At the end of n years become P(l + R)". 

If P' = population required 
then P' = P(l-f R)^ 

To solve P' = P(1 + R)" logarithms are made use of 
log P' = log [P(l + R)"] 

= log P + log(l + R)“ 

= log P + n log (1 + R) 
by transposing wo get 
n log (1 + R) = log P' - log P 

log(l + R) = l2fL£zMP 
n 

This gives us the log of annual increase for a known 
intercensal period. If we wish to estimate population at the 
present moment, we assume that the annual rate of increase 
has remained constant and proceed as follows : — 

Let us take P" as a sign for the present year which wo wish to 
estimate. 

then P" = P'(1 + R)° 

and log P" = log P' + n log (1 + R) 

or log P" = log P' + ^ ? 

Example : 

The population of a town at the census of 1901 was 32,000, and at 
that of 1911 was 36,000 ; find out the population for 1920, 

log pop. 1911 = log 36,000 - 4.5563025 

log pop. 1901 -log 32,000 =4.5051500 


difference — log of ten years’ increase 
divide by 10 — log of annual increase 
multiply by 9 


=0.0511525 
= 0.0051152 
= 9 


Product- log of 9 years’ increase -0.0460373 

^add log pop. 1911 -log 36,000 -4.5.563025 


.*. log pop. 1920 -4.6023398 

But 4.6023398 -log 40025.8 
pop. for 1920 = 40025.8 

This gives the estimated population as on April 1st. To 
get the estimated figure of mid-year population, 9} years 
increase is required and the log of annual increase should be 
multiplied by 9.25 and not by 9. 
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This method was devised by the Eegistrar General of 
England and Wales and is found by experience to give good 
approximations of population increase in towns of England 
and Wales. It is therefore the method usually adopted there. 

Birth-rate. — An accurate registration of births is as 
necessary to the sanitary statist as an accurate knowledge of 
X)opulation obtained from the census. Statistics based on 
the birth-rate calculated on the total population, are of value 
in considering the progress or decline of a community in a 
series of years. Strictly speaking, they are not a correct 
record of the fecundity of the people, as they depend not 
only on the number of births and adults producing offspring 
but also on the number of young and old persons, who 
contribute nothing to the increase of the population. Births 
are usually reckoned at a rate per 1000 of population. The 
crude birth-rate of a community is calculated according to 
the following formula : — 

number of births in one year x 1000 
mean population. 

Example : 

There were 250 births in a year out of a population of 10,000 ; hnd 
the annual birth-rate for the year. 

According to the formula we have = births per 1000. 

10^000 

The birth- and death-rates may be calculated from weekly, monthly 
or quarterly returns. 

A weekly birth-rate = 

number of births during one week x 52.177 47 x 1000 
mean population 

A monthly birth-rate = 

No. of births in month x 365.2422 6 x 1000 
Mean population x No. of days in month 

N.B. Note that monthly and weekly birth-rates are really annual 
birth-rates, based on the assumption that the particular number of 
births in any particular month or week were to occur in all the 
other months or weeks in the year. 

Causes affecting Birth-rates : 

1. Marriage Customs. — These undoubtedly play an im- 
portant part in India as marriage is a religious obligation 
with most Indians. Here polygamy is permitted, widowers 
may remarry, but not widows as a rule. Marriage usually 
takes place at an early age and there is a disparity in the 
ages of husband and wife ; and, as a consequence, an exces- 
sive proportion of widows. 

2. Agricultural Distress or Prosperity. — The birth-rate is 
sometimes a barometer of prosperity ; with a marked rile or 
fall in food prices there may be similar movement in the 
death-rate and an opposite movement in the birth-rate. 

3. Normal Seasonal Variations. — Seasonal variations 
have an influence on the birth-rates. In Bengal the largest 
number of births takes place in January and the minimum in 
August. Most provinces in India exhibit similar phenomena. 
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The sex rates of the population may also be a contri- 
butory cause. For this reason a better method of stating^ 
the birth-rate, than that of the reckoning of annual births 
to 1000 of the population, will be to calculate the propor- 
tion of births to every 1000 women of conceptive age, i.e. 
between the ages of 15 to 45 years. Further improvement in 
the method will be obtained if we take in the numerator only 
legitimate and in the denomenator only married women of 
child bearing age. 

Falling birth-rates have been a recent feature in all 
civilised countries. In 1870, the English crude birth-rate was 
36.0, since when it has declined steadily, being now less than 
half that ligurc (12 in 1932). Most modern countries show a 
similar decline. The birth-rate (recorded) in India was 34 in 
1932, this is less than the two previous years. The influence 
of high birth-rates on economics, disease and war has been 
the subject of close study ever since Malthiis wrote his cele- 
brated Essay on Population. Malthus held that the pres- 
sure of a growing population on the food supply resulted in 
‘^checks” to a population’s increase by war, pestilence and 
famine. Intelligent and civilised man refuses to accept these 
checks as inevitable and instead uses his infelligence to avoid 
them. Increased production of the food supplies in the 
world, interdependence between nations in food and manu- 
factured articles and ‘U)irth control” are some of the results 
of economic pressure on intelligent communities. By birth 
control it is meant to include increased celibacy (decrease of 
the marriage rate), later age of marriage, and limitation of 
families by voluntary abstention from intercourse, and the 
use of contraceptive methods for avoiding pregnancy. These 
are some of the causes of the decrease of the birth-rate in 
Western countries, but others (Carr Baunders) would add 
other causes, such as lessened fertility due to increased 
affluence and rise in the standard of living, etc. In cer- 
tain i^rovinces in India, e. r/. Bengal, investigation would 
appear to show that birth-rates are falling. The subject has 
very important bearings on the future constitutions of the 
nations of the world, but is too complex to admit of further 
consideration here. 

Still births are not counted either as births or deaths, 
but are recorded separately. 

Crude Death-rate. — Death-rates are calculated in the 
same way as the birth-rates : — 

TlA? crude death-rate = 
number of deaths in on e year x 1000 
mean population 

Although the registration of deaths in India is defective 
the recorded rates are generally very high. This high death- 
rate is due to the fact that India suffers more than Europe 
from epidemic diseases like cholera, plague, small-pox, etc., 
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which have practically disapj)eared from places where sani- 
tary methods have reached a certain level of effectiveness. 
The general death-rate of a population is taken as the test 
of the sanitary condition of the place. 

The sensitiveness of Indian death-rates to sanitary condi- 
tions is remarkable and their fluctuations are greater than 
those among European populations. This sensitiveness may 
be attributed to several causes, viz . — 

1. The high birtli-rate, infantile mortality forming a 
large proportion of the general mortality and being noto- 
riously sensitive to sanitary conditions. 

2. The high death-rate, which is more easily and largely 
affected by favourable conditions than a low death-rate, and 
conduces to a low mean age for the population. 

In addition to the different epidemic diseases, India not 
only suffers from some of the most serious diseases of tem- 
perate climates, but has a long list of infectious diseases 
special to the tropics. 

Specific Death-rates. — The death-rates for different age- 
periods, both for males and females (say from 0 to 1 yeaiv 
1 to 2, etc.) can easily be calculated and especially accurately 
in a census year. They are called specific death-rates. They 
can be plotted out on a curve Avhich assumes the form shown 
on figure 163. 



AGE IN YEARS 

Fig. 163.— Specific Death-rates of England and India (dotted line). 
It will be seen that the specific death-rates are high at 
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the extremes of life and that the healthiest periods of life are 
between 5 and 35 in England and between 10 and 15 in India. 
Male death-rates in England (except for the period 10 to 15 
when the female death-rate is slightly higher than the male) 
at every age-period are higher than the female rates. A 
consideration of the curve of the specific death-rate will 
indicate at what particular age problems of health mostly 
arise. In England, for instance, the high death-rate from 
0-5 and after 35 years of age are matters of concern and we 
find at present the problems of Maternity and Child Welfare, 
and children’s diseases, receiving special attention, and with 
later years cancer, heart affections and respiratory att'ections. 
In India obviously every age-period at present requires 
special attention. 

The specific death-rates may also be used to illustrate the 
progress of a population of say 100,000 persons born at the 
same time progressing through life, and showing the number 
alive at the end of each year. Such a table for England and 
India could be constituted as follows: — 

LIFE TABi.E 


England and India 1901—1910. (Number of survivors of different ages) 


Age. 

England 

India 

0 

100,000 

100,000 

1 

85,566 

75,000 

5 

79,398 

55,000 

10 

78,083 

50,000 

15 

77,297 

45,250 

20 

76,113 

41,250 

25 

74,546 

40,000 

30 

72,741 

36,125 

35 

70,472 

31,600 

45 

64,230 

23,000 

55 

.54,435 

15,000 

65 

39,278 

8,100 

75 

19,754 

2,600 

85 

4,349 

400 

95 

149 

0^? 

105 

2 

0 


It will be seen that half the children born in India die 
before they reach the age of ten, a tremendous waste of 
national substance and energy. 

Crude death-rates are summations or integrations of 
specific death-rates applied to the number of the population 
of a particular place in the different age groups. It must be 
distinctly remembered, however, that the crude death-rate 
is not obtained by adding together the specific death-rates. 
The specific death-rates must be applied to the different 
numbers of the age groups, the deaths added and the crude 
death-rates thus obtained. 
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In order to obtain a perfect idea of the death-rate in a 
given population or community the total number of deaths 
in each sex in proportion to the number of the living should 
be stated. In regard to sex, while the estimated death-rates 
during 1911-1920 at all ages in Bengal are 31.7 and 30.5 per 
mille for males and females respectively, there is a notable 
contrast in the relative incidence of mortality on the 10-34 
age-periods and the rest of life. The female death-rate 
amongst children under one year is lower than the male, but 
this gradually diminishes until the age of 6 or 7 is reached. 
From this age the female death-rate begins to increase — the 
highest being reached at 15 to 20, after which the difference 
diminishes until at 35 it disappears and thereafter the female 
rate remains lower. The highest number of deaths among 
females occurs during the child-bearing period. 

The following table gives the average number of female 
births and deaths per 1000 male births and deaths for two 
decades 


Province 

Births 

Deaths 

1921 

1931 

1921 

1931 

Bengal 

933 

922 

909 

944 

Bihar & Orissa 

950 

962 

936 

921 

Bombay 

925 

923 

957 

942 

Burma 

945 

956 

901 

916 

Central Provinces 

955 

957 

923 

922 

Madras 

956 

953 

979 

979 

Punjab 

906 

970 

928 

885 

United Provinces 

919 i 

891 

918 

876 


Death-rates obtained from mortality returns of short 
periods, e.g. a week or a month, are not to be depended on 
as tests for health, as they are liable to accidental fluctuations. 
The same is also the case with death-rates of very small popu- 
lations even if returns for a year bo made. Weekly death- 
rates, however, are very useful in comparing mortalities in a 
town in any week with the corresponding week of the previous 
year. Any rise in mortality should lead to an enquiry ; and 
warning may be got of the commencement of a serious epi- 
demic of small-pox, cholera, or influenza or other disease. 

Weekly and monthly death-rates are calculated in the 
same way as weekly and monthly birth-rates (see page 563). 

Combined death-rate means the total death-rate of a 
combination of two or more districts, and is estimated from the 
ratio which the two or more populations bear to one another. 

To find out the death-rate of a combined district where 
the death-rates of the individual districts are known, the 
following calculations are made, vi ^. — 
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Lot A = population of one district, 
x = its death-rate per 1000, 

theii- j^^- - total deaths in A. 

Let B = population of another district, 
?/ = its death-rate per 1000, 

then'*^^^ - total deaths in B. 

rpi f XX A yxB 

lhe.eforey,^+ 


(A+l{); 


Air* ^ B^ 


-total deaths in combined district 


A a* 4 Ib/ 


idt ToTV 4 B) ~ death-rate per unit in A + B ; 


and 

^A jc f Bf/ 

and ^ ^ = death-rate per 1000 in A + B. 


Thus if A has a population 5000, B of 10,000 with a deatli-rate of 
20 and 15 per 1000 respectively, then the death-rates of the combined 
districts with a total population of 15,000 would be as follows : — 

A + B//, 5000 x 20 -f 10000 x 15 , , 

A + B = It-hper 1000. 

Corrected and Standardised Death-rates : 


Corrected for Residence . — Strictly speaking, death-rates 
being ratios, the persons whose death is being recorded should 
api)ear in both numerator and denominator ; that is his 
death should be referred to the place where his presence 
was recorded in the last census. A person from Barrack- 
pore, for instance, going to Calcutta for an operation and 
dying there should have his death referred to l^arrackpore 
though it would be registered in Calcutta. Such transfers 
in England are made by the Eegistrar General, in India 
by the health authorities. The ‘‘Crude Death-rate’’ thus 
treated becomes a “Death-rate Corrected” for residence. 
The terra “Recorded” death-rate is applied in England to 
this correction of residence. 

Standardised Death-rates. — It is well-known that the 
death-rates under five and over fifty-five years of age are 
higher than the combined rate for all ages, while between five 
and fifty-five they are lower. Hence the death-rate will be 
raised in a town having an undue proportion of infants and 
old people. Again, as a general rule, female mortality is 
lower than that in males. The exception is, that in India 
during the child-bearing period when the females show a 
higher mortality. It is therefore necessary that some correc- 
tion should be made in the death-rate of a town or district 
for any such disproportionate distribution of age and sex„ 
befoie its rate is comparable with that of another town or 
district. The term “Standardised Death-rate” is applied to 
this adjustment. “Corrected and adjusted for age and sex” 
would be a good description of the Standardised Death-rate. 
There are two main methods of standardising the death-rate : 
the Direct Method, and the Indirect Method. 

Direct Method.— In this the common standard to which 
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the death-rates are referred is the ‘^Standard Million Popula- 
tion of England of 1901.’^ From the census figures of 1901 
(which of course give the number of persons of both sexes in 
England at the different ages), 1,000,000 people, both males 
and females, are grouped in each period in the proportion in 
which they were found in the 1901 census. 

The following is the composition of the Standard 
Million : — 


Table of Standard Million 


All 

groups 

Males 

Females 

Persons 

0 

57069 

57226 

114262 

5 

56462 

53747 

107209 

10 

51670 

51665 

102765 

15 

49420 

5087(> 

99796 

20 

45276 

50676 

95946 

25 

40865 

45998 

86866 

60 

65590 

69156 

74746 

65 

31808 

64156 

65956 

40 

27591 

29602 

56896 

45 

26664 

25001 

48665 

50 

19560 

21297 

40857 

55 

15295 

17(K>4 

62659 

60 

J2618 

14764 

27682 

65 

8682 

10(;76 

19658 

70 

6009 

7716 

16722 

75 

6477 

4(>54 

8161 

80 

1606 

2656 

6959 

85 -H 

552 

969 

1491 

A 11 ages 

486,546 

516457 

1,000,000 


O^otal 1,000,000 



Other populations have been suggested on an Inter- 
national basis but the 1901 standard million of E. VV. has 
been retained by most workers, as it has been used for 
many years and now a change of standard jiopulation would 
involve recalculation of all the standardised death-rates 
that have been calculated up-to-date. The standard million 
of 1901 has the disadvantage, however, that it contains a 
high proportion of persons between 20-26, at which age the 
English death-rates are very low. To apply this method 
we must know the specific death-rates of the place whose 
crude'death-rates we are standardising. The specific doath- 
rates are obtained from the registers of deaths which give 
the age and sex of the deceased. In applying these, the 
specific rates for males and females should be applied to the 
number of males and females making up the standard million. 
A shorter way would be to apply the specific death-rate of 
persons (both sexes) without regard to sex, to the ‘^persons’’ 
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population making up the standard million, but this would 
not allow for sex differences in the standard population. 
The first method is therefore the correct one. 

The method of application is simple and an example is 
given below : — 

Methods of STANDAKuisimf Death-rates 

Direct Method 




Standardisation o 

f “Persons^’ Rate 




Males 



Females 


Ago 

Groups 

Standard 

Million 

Popula- 

tion 

1901 

Recorded 

Death- 

rates 

per 

Million 

Deaths 

in 

Standard 

Million 

popula- 

tion 

Standard 

Million 

Popula- 

tion 

1901 

Recorded 

Death- 

rates 

per 

Million 

Deaths 

in 

Standard 

Million 

Popula- 

tion 

0 

57039 

47670 

2719 

57228 

89887 

2282 

5 

58462 

8575 

191 

58747 

8626 

195 

10 

51870 

2086 

105 

51865. 

2194 

113 

15 

49420 

2988 

148 

50376 

2666 

134 

20 

45278 

8829 

178 

50678 

8272 

166 

25 

40885 

4458 

182 

45998 

8814 

175 

80 

85590 

5954 

212 

39156 

4624 

181 

35 

81808 

8221 

261 

84158 

6561 

224 

40 

27591 

11185 

809 

29802 

8599 

252 

45 

28861- 

1.5259 

857 

25001 

11378 

284 

50 

19560 

21490 

420 

21297 

15818 

887 

55 

15295 

30899 

465 

17064 

22458 

383 

60 

12618 

44988 

567 

14764 

82128 

479 

65 

8682 

60779 

528 

10676 

44.585 

476 

70 

6 .09 

98509 

592 

7718 

75812 

581 

75 

8477 

142808 

495 

4654 

112926 

526 

80 

1608 

194465 

812 

28.56 

162852 

384 

85 and 
up 

552 

281549 

155 

939 

242502 

228 

All ages 

488,513 


8,191 

516,457 


7,400 


Death-rate (persons) = 


8191 + 7400 _ 15,591 

488548 + 5 16:^57 1,000,000 

or 15,591 per million. 


Indirect Method , — This method is designed to save labour 
and to give a standardising factor at the beginning of each 
intercensal period which when applied to crude death-rate^ 
during the following censal period of ten years will at once 
give a standardised death-rate. It gives results closely 
approximating to the direct method and is now largely used 
in England and Wales. It has the disadvantage that the 
standard rates during one intercensal period are not strictly 
comparable with those of previous intercensal periods, 
though the Eegistrar General of England has attempted to 
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get over this by using the standard million population of 
1901 as a common base. 

The method is applied by taking the specific death-rates 
of the community for a censal year when they are accurately 
known and applying these to the age and sex distribution 
of the town under consideration. An “Index Death-rate’" 
is thus marked out for the town. 


Age 

period. 

Population divided 
for age and 
sex (1901 Census) 

Death-rate (E. & 
W.) (1891-1900) 

(Calculated 
number of 
deaths 


Male. 

Female. 

Male. 

Female. 

Male. 

Female. 

0-5 

562 

571 

62.7 

52.8 

3.5.2.S 

30.16 

5-10 

534 

547 

4.3 

4.4 ' 

2.29 

2.40 

10-15 

513 

520 

2.4 

2.6 

1.23 

1.35 

15-20 

496 

506 

3.8 

3.7 

1.88 

1.97 

20-25 

25-35 

35-45 

45-55 

55-65 

65-75 

75-85 

85 and 

etc. 

etc. 

; 

1 

etc. 

etc. 

etc. 

etc. 


upwards 


; 





Totals. 

1 

4873 

5127 



83 

91 

10,000 



174 


Take the case of a town with a population of 1(),()()0 at 
the census of say 1901. Distribute the population according 
to age and sex into the twelve age-groups (as in the table 
above) as per figures obtained from the census returns, and 
apply to the population of each age-group and each sex 
the death-rate for that particular age and sex obtained for 
England and Wales generally during the last intercensat 
period of ten years, and calculate the number of deaths 
which each such rate produces, thus ; 

Take the males at ages 0-5 viz, 562. The death-rate 
for England and Wales for males at that age period being 
62.7 per 1000, the total nnmber of deaths amongst the 

562x62.7 ... 

population of 562 will be Jqpq — = 35.23. Again in 

the next age group, i,e. between 5-10 years with a death- 

4.3 X 534 . 

rate of 4.3 per 1000 means deaths among 


534 males of that age-group. Calculating in the same way 
for each age-group and each sex it will be found that the 
total deaths will come up to 174, that is to say there would 


have occurred 174 deaths or 


174x 1000 


17.40 


per 1000 


10,000 
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among a population of 10,000 persons at the same rate as 
obtained in England and Wales generally. This rate of 
17.40 per 1000 is known as the index death-rate. 

The Index Death-rate is merely a hypothetical one and 
is calculated on the assumption that the deaths in a town 
or district occur at the same rates as in England and Wales 
generally, in the different age periods. 

Having applied the England and Wales death-rate at 
each group to the population of the town or district the 
index death-rate for the place thus obtained ought to be the 
same as in England and Wales, other things being equal. 
But this is not actually the case as the rate of mortality 
for England and Wales during the ton years of 1891-1900 
was 18.2 per 1000; hence the age and sex distribution of 
the town or district are obviously different from that of 
England and Wales. The index death-rate must therefore 
be raised in the following proportion to make it comparable 
with that of England and Wales. 

rate for England and Wales _ 18.2 _ ^ 
index death-rate ~17.4 

The factor for correction called the Standard isincj factor 
for that particular town or district is 1.045. Now if the 
general [i.e. the recorded or crude) death-rate for any year 
be multiplied by this factor the standardised death-rate is 
obtained. Therefore Standardised D.K. = General D.B. x 
Factor. Suppose, for example, the crude death-rate of a 
town for 1910 was 10.5, then the standardised death-rate for 
that year would be 10.5 x 1.045 = 17.24. If the correction 
factor is greater than one, it means that the age and sex 
distribution of the town is favourable to low mortalities, 
that is, as compared with England and Wales it has a larger 
number of people at ages with low mortalities. If less than 
one, the distribution is favourable to high mortality. 

It is generally found that the age and sex distribution, 
remains fairly constant— except in big and important indus- 
trial towns— during an intercensal period. For this reason 
the factor is calculated once in every ten years — the last 
factor holds good until a fresh factor is calculated from the 
next census. 

Relation between Birth-rate and Death-rate.— It is 
generally held that a high birth-rate is a direct cause of a 
high death-rate owing to the great mortality among infants. 
The death-rate at ages under 5 is three times as high as 
that of all ages together, and a high birth-rate by produc- 
ing an excessive proportion of persons of tender years will 
cause a high general death-rate. But the mortality falls 
if the high birth-rate were to continue longer, for then the 
proportion of the total population at ages of low mortality 
would be increased and the general death-rate lowered. 
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Birth-ratk and Dkath-rate of Different Provincp:s 
IN India During 1934 


1‘rovinces 

Births 

Birth 
per I 

-i‘ate 

nillc 

Deaths 

Death rate 
per mille 

Rural 

II rban 

Rural 

Urban 

Rural 

Urban 

Rural 

Urban 

B. India 

8,304,513 

924,384 

31 

34 

0,192,544 

003,700 

24.9 

24.4 

Punjab 

829,052 

108,978 

39 

33 

582,821 

00,954 

27 

20 

Delhi 

7,245 

17,390 

35 

.38 

7,235 

11,824 

35 

20 

U. 1’. 

1,002,027 

170,105 

34 

45 

1,147/253 

147,841 

25 

38 

B. & 0. 

1,238,757 

29,573 

j .3 

20 

950,519 

25,080 

25 

17 

Bengal 

1,391,494 

73,020 

29 

21 

1,104,087 

72,800 

j 23 

21 

Bombay 

030,028 

143,803 

35 

33 

443,048 

111,203 

24 

20 

Madras 

1,402,447 

231,540 

34 

30 

1,017,900 

109,203 

25 

17 

Burma 

319,908 

45,700 

29 

32 

207,125 

42,422 

19 

30 


Infantile Mortality. — The infantile death-rate is usually 
calculated as so many deaths under 1 year of age per 1000 
registered live births in the year. 

Infantile mortality rate or 1. M. R. is calculated as 
follows : — 

Deatli under 1 year x 1000 
" Kegistered live births 

If there were 600 births registered during the year, and 
75 deatlis among the infants under 1 year, then the infantile 

75 

mortality rate should be 75 deaths per 600 births, or 

()00 

, X. , . • 75 X 1000 

deaths per birth, or =125 deaths per 1000 births, 

Le. I. M. K. = 125. 

Infantile mortality has been steadily falling in most coun- 
tries since 1881. The decline between the period 1881-1885, 
and 1900-10, being 25.6 p.c. in France, 15.8 p.c. in England, 
23.7 p.c. in Switzerland. Studies of the statistics show that 
there is a close correlation between the infant mortality rate 
and the size of the family, owing to two distinct sets of 
factors, vis. physical and economic. On the one hand the 
vitality of the mother, and through her the life of the child 
appears to be alfected by the age at which the child-bearing 
begins, the number of pregnancies and the spacing of births ; 
on the other hand the health of the infant is intimately asso- 
ciated with the circumstances frequently associated with 
large families, vis. poverty, congestion, malnutrition, insani- 
tary surrounding and the ignorance of the parents. 

Other things being equal, infantile mortality gives an 
index of the sanitary condition of the place as well as of the 
density of the population. One noticeable feature of its 
43 




674 


HYGIENE AND PUBLIC HEALTH 


statistics is that it is higher among male than among female 
children. Ifc is a known fact that male infants are more 
delicate and more diflicult to rear than female infants. 

The heavy mortality amongst infants is partly ascribed 
to immaturity and ignorance of the mother, to improper feed- 
ing, to exposure of infants to all insanitary surroundings 
wherein the causes of malaria, small-pox, measles, bowel 
complaints, and tetanus abound. Although a large proportion 
of deaths is due to premature birth and debility, there is no 
doubt that many are also due to ignorance and neglect ; for 
the death-rate among infants of the poorer classes attended 
by the Corporation midwife is only 55 per 1000 during first 
seven days. (See ‘‘Maternity and Child Welfare”)* 

The student should appreciate one or two of the fallacies 
that may be hidden in the infantile mortality figure. Errors 
in both numerator and denominator may give unreal values. 
If any deaths of infants are not registered the infantile 
mortality rate will be too low. Errors in age of the child or 
infant may be entered as under one, and included erroneously 
in the infant deaths, and vice versa. Deficient registration 
of births will reduce the denominator and thereby increase 
the mortality rate. In the case of womdu who may live in 
industrial centres and go to their village for confinement, the 
birth will be registered in the village and not in the town. 
In a few weeks, however, the mother and the infant return to 
the town where the latter may die. Such deaths give an 
appreciably higher infant mortality rate, as the birth is not 
in the denominator. This happens in Bombay, where the 
infantile mortality rate may be thereby abnormally high. 

The following is a comparative table, giving the birth, 
death and infantile death rate per mille for several countries 
of the world for 1956 : — 


Countries 

Birth 
rate per 
mille. 

Death 
rate per 
mille. 

Natural 
increase 
per mille. 

infantile 
death rate 
per 1,000 
births. 

British India 

35.4 

22.6 

12.8 

162 

Faigland and Wales 

14.8 

12.1 

2.7 

59 

Federated Malay States... 

38.7 

19.2 

19.5 

142 

Japan 

29.9 

17.5 

12.4 

117 

Palestine 

44.9 

16.1 

28.8 

122 

Kgypt 

41.8 

27.3 

14.5 

164 

Scotland 

17.9 

134 

4.5 

82 

Australia ... 

17.1 

9.4 

7.7 

41 

CaAada 

20.0 

9.7 

10.3 

66 

New Zealand 

Union of South Africa 

16.6 

8.7 

7.9 

31 

(White) ... 

24.2 

9.6 

14.6 

59 


Density of Population. — The density is usually expres- 
sed as so many persons to a square mile (in rural areas) or 
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an acre (in towns). This has an important bearing on the 
death-rate and exercises a great influence on the population. 
The greater the density the higher the mortality. Farr 
states that the death-rate increases with the density of 
population, not in direct proportion but in proportion to the 
sixth roots of the contrasted populations. But this rule 
does not hold good in places IHie England where sanitary 
conditions have reached a certain degree of perfection. It 
is only when the density, /.e. the number of persons in a 
room exceeds a certain limit that its bad effects are manifest 
and Farr’s rule holds good. 

Increased density of population usually means pollution 
of air, water and soil, and rapid and easy spread of infectious 
diseases. There is also greater filth, crime, drunkenness and 
other excesses. In India increased density in country 
districts may be bencflcial to public health by removal of 
waste lands and increase of cultivated areas. In towns 
people enjoy certain advantages as regards j)rompt removal 
of refuse and supply of pure and wholesome drinking water, 
which are usually denied to those who live in villages. In 
rural areas the density of population hardly affects the 
health or mortality. But in towns this has an injurious 
effect on health. (See Overcrowding, page 151). 

Although somewhat smaller than Oreat Britain, Bengal 
has more inhabitants than the British Isles. 

The following table gives the densities of various local- 
ities in India in 1961, according to the census: 


Delhi 

1001 

persons per square mile. 

Bengal 

. . 646 


United Provinces 

456 


liihar & Orissa v.. 

454 


Madras 

32S 

It 

Punjab 

2H8 

It 

Burma 

68 


Beluchistaii 

9 

t9 


Occupation and Comparative Mortality Figures.— Occu- 
pation exerts a certain amount of influence on the health 
and mortality of the people. In order to make correct 
statistics showing the influence of occupation on mortality, 
the number and the age of those engaged in each calling 
and the corresponding number of deaths should first be 
ascertained, and the mortality is then calculated from the 
deaths taking place in each particular occupation. This 
has been very successfully worked out in England but not 
in India. Eoughly speaking the mortality is comparatively 
high among workers in cotton, jute or paper mills, or in the 
manufacture of mineral acids, poisonous metals, etc., or 
among those whose occupations necessitate constant ex- 
posure to sun and rain and to changes of Aveather. Seden- 
tary occupations have a deteriorating influence on health. 

Some occupations require strong and healthy persons, and 
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due allowance must therefore be made for the age at which 
such occupations are followed. For purposes of comparison 
the death-rates among those employed at corresponding age 
periods must be taken. 

The occupation mortality of various occupations may be 
compared with the mortality of all occupied males between 
the ages of 25 and 65. Taking this ligure as 1,000 the 
following table gives the corresponding mortalities in Eng- 
land for various occupations : — 


Clergyinen ... 561 

Agricultural labourers ... 688 

Doctors ... 1021 

(^oal miners ... 1084 

Brewers ... 1846 

Stone masons ... 1890 

Barmen ... 1955 

Tin and copper miners ... 4355 


Special Death-rates. - 
of death from different 


-It is important to know the rate 
causes. It has been stated that 


‘‘the causes of death in a death register are necessarily 
little more than the more or less trustworthy guesses of 
a large body of more or less skilled gbservers.’^ If this 
statement applies to England, where certificates of death 
are required, one can well imagine how things stand in India 
where the majority of people die without proper or rational 
treatment, and where no such certificates are insisted upon. 

In India for statistical purposes deaths are classified 
under the following heads: — 


1. Oholern. 6. Respiratory diseases. 

2. Smallpox:. /Suicide. 

3. Plague Wounds and acci- 

4. Fevers : malaria, enteric fever, 7. Injuries - dents. 

relapsing fever, measles, j Snakes and wild 

kala-azar and other fevers. v beasts. 

5. Dysentery and diarrha'a 8. All other causes. 

The following table shows the actual number of deaths 
from different diseases and the average annual rate per mille 
of each sex in Bengal : — 


Disease. 

1919 

1920 

Ratio Pkr 1000 
1920. 

Males. 

Females. 

Males. 

Females. 

Males. 

Females. 

('holera 

Fevf.r 

Small-pox 

Plague 

67,601 

689,086 

20,468 

288 

57,348 

590,221 

16,542 

136 

29,762 

593,528 

20,013 

46 

24,487 

550,898 

16,177 

20 

1.3 

25.5 

0.9 

0.002 

1.1 

25.0 

0.7 

0.0009 


It is important that the cause of death should be entered 
according to the official nomenclature, and that the remote 
rather than the proximate cause should be stated. Thus 
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death from diarrhoea or dysentery in a case of kala-azar should 
be returned as death from kala-azar. 

The registration of sickness for the general i:)opulation is 
not feasible although it has been effected in certain com- 
panies, societies, and institutions like jails, etc. According 
to Farr’s estimate, two persons are constantly sick for every 
annual death which occurs, i.e. for one death there are two 
years of severe sickness. The sanitary officer would be in a 
better position to deal with preventable diseases, if informa- 
tion of the occurrence of every case, whether fatal or not^ 
were suy)plied to him, as he could then inquire into the 
causation of all such cases. It is important that a correct 
estimate of the number of persons invalided by sickness 
should be kept, as well as the actual number of deaths. 

Life Tables.— We have seen that the specific death-rates 
are really the measure of mortality in any community ; and 
that a very good idea of the sanitary condition of a place 
may be obtained by a study of the curve of specific death- 
rates. Si)ecific death-rates may he used in another way. 
We may start with, say 100, 000 individuals, supposed to be 
born at a particular time and trace them from year to year. 
At the end of the first year a certain number will have died 
and this number will depend on the si)ecific death-rate in 
the first year of life for the community at the particular time. 
To the survivors at the end of the first year and commencing 
the second year we apply the sped lie death-rate of the 
second year of life, and so obtain the number of survivors 
beginning the third year, and so on we continue applying 
the appropriate specific death-rates from year to year until 
our imaginary population all die. If opposite each year of 
life we put the number of people alive at the beginning of 
that year, we have the beginning of what is called a Life 
Table. It is, as will be seen, a purely hypothetical table, 
showing how a population Avould die out under certain 
conditions, assuming that there is no addition of new 
individuals to it, and that the specific death-rates at a 
particular period of time continue unchanged throughout 
the existence of our imagined population of 100,000 indi- 
viduals. This last assumption we know is not true by any 
means, though at certain ages and in certain classes of 
communities the specific death-rate may not alter very 
materially during a generation of individuals. But for many 
classes of persons and ages it is not by any means true. 

Life tables are mainly used by Life Insurance Compafhies^ 
because they give the average number of years that an 
individual at any age may expect to live, and so will deter- 
mine the average price of an annuity. This ‘‘Expectation 
of Life” as it is called, has been used as a sanitary index^ 
because if the specific death-rates at any age or ages are 
decreasing, it is obvious that there will be more survivors at 
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the end of these particular years and the expectations of life 
beyond these ages will be increased. A table of expectations 
of life at birth in various countries is given on page 080. 
But the sanitarian will learn more from a close study of 
specilic death-rates at different ages than from a life table. 
But various health authorities use the exj^ectation of life 
largely in their reports, so that the student of public health 
must be familiar with the elements of a life table. In con- 
structing a life table certain conventional expressions and 
symbols are used. 

X, expresses any particular year ; the year following 
would be (x + 1), and the year following that (x + 2), etc. 

mx, expresses the individual specilic death-rates in any 
particular year, and are obtained by dividing the number of 
deaths in that year (or the average number over a series of 
years) by the estimated mid-year i)opulation. These are 
usually called the central death-rates. 

/x means the number of persons of our hypothetical 
population living at beginning of a particular year x. 

dx, expresses the number of people dying in any year x, 
out of the h people who started alive in^the year. 

/x + 1 then must be h - dx. 

cjx, expresses the prohahUify of any single person among 
the h dying within the year x. It is obviously equal to the 


ratio ~ . 


It is not therefore (juite the same as the specilic 


death-rate of the year (nix) which is the number of deaths 
divided by the mid-year population. It is necessary to 
express qx in terms of lUx thus : — 

If we assume that deaths in any year x occur equally 
distributed throughout the year then the mid-year population 
will be the number who started alive at the beginning of the 
year, less half the number of deaths. 


Thus iiix by defiiii( ion = -T-^5j-y 

divide both numerator and denominator by I 

d, 

/x 


<lx 


and we get nix--^ , but by oiir dellnition ' is 

I Ox 

~2h 


Therefore lUx - 


l^iqx 


and from this we get (ix = 


^nix 
2 + iiix 


Px is the probability of any person of h living at the 
end 6f the year and is obviously equal to 1 - qx. 


Therefore px = 1 - qx = 1 - ^ 


2m X 

+ mx 


2 - iiix 
2 + iiix 


Having thus from the various values of lUx made a column 
of Px for all age periods of one year’s interval and starting 
with 100,000 individuals at birth in our column h, we 
complete the h column by multiplying the number living at 
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the beginning of the year by px. Thus lo is 100,000 ; h, is 
(100,000 X po) ; h is h x Pi and so on for the various years 
until there are no more living. 

From the U column we make another column Lx, which is 
based on the assumption that people who died between ages 
X and (x + 1) lived on the average 6 months. Thus Lx would 
be found by dividing the sum of h and L + i by 2. On com- 
pleting this column we will have a list of number some of 
whom lived \ a year, some years, some 2^ years and so on. 

If at any particular age Ave add up the numbers in the Lx 
column onwards until the end of the column, wo then get 
the number of years lived by the number who started at 
the beginning of the year x, (Zx)* This addition of Lx + Lx4 i 
and Lx +2 up to the end of the table is called Qx, and obviously 
Qx divided by h gives the arithmetic mean of the dilferent 
lengths of lives lived by the people comimsing U. 

We therefore make a column Qx where each term of the 
year is equal to the sum of the Lx column from that year 
onwards. Our iinal column is called or the I^xpectation 
of Life at the year x on the delinition given above, and is 
got for each year by dividing Qx by U, 

If the formation of Lx and Qx columns is not clear, it will 
be so from a consideration of a small portion of a life table 
at its completed end. Our Life Table might be thus : — 


Age 

X 

h 


Q. 

ex 

90 

<S47 

... 

654.5 

1204.5 

1.42 

91 

462 

339 

550 

1.19 

92 

216 

147.5 

211 

.98 

93 

79 

50 

63.5 

.8 

94 

21 

12 

13.5 1 

.64 

95 

3 

1.5 

1.5 1 

.5 


Three living at 95 die within the year. Their expecta- 
tion of life is assumed to be half a year. The Lx column 

is ’-~ ==1.5; and the Qx column 1.5-f-0--1.5 and the 

1 Qx 1.5 ^ 

column = 0 year. 


Of the 21 who were alive at age 94, 18 died Avithin the 
year ; they are assumed to have lived ^ a year, therefore 
their total years of life was 18x.5 = 9. But three lived 
through the year and died next year ; they lived ^ears 
and their lives together make dx 1.5 = 4.5 years. The 21 
people therefore lived 9 + 4.5 = 13.5 years ; and their expecta- 


tion of life = 


13.5 
21 "" 


Notice the 13.5 obtained thus is the Qx column obtained 
by adding the Lx column = 12 + 1.5= 13.5. 
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Similarly consider the 79 aliv^e at 
lived 2V years -7.5 years 
18 „ irye‘Vrs^‘-^7.0 „ 

and 58 ,, I yea r s -29 .0 

A total of 68.5 years. And their expectation of life 

. 63 5 

IS =: -^-.8 year. 

Here note again that the figure 63.5 obtained thus is 
the Qx column obtained by adding the Ia column 50 + 12 
+ 1.0 - 63.5. 

The essential features of a life column would therefore be 
as follows : — 


Ago 

X 

/x 

(h 

IK 


Lx 

Qx 

Cx 

0 

- 

1,00,000 

.08996 

1 

8990 

95502 

5,562,000 

55.62 

1 

91,004 

.02339 

.97661 

2129 

8<K)39.5 

5,466,610 

60.07 

2 

88,875 

.01050 

.98950 

933 

88408.5 

5,276,937 

60.50 

3 

87,942 

.00650 

.99350 

572 

8765(> 

5,288,831 

60.14 

4 

87,370 

.00475 

.99525 

415 

87162.5 

5,201.136 

59.53 

5 

86,955 

.00417 

.99583 

363 

86773.5 

5,113,783 

58.81 

6 

86,592 

.00337 

.99()63 

292 1 

86161 

5,026,665 

58.05 

etc. ! 

etc. 

etc. 

etc. 

etc. i 

etc. 

etc. 

etc. 


The expectation of life at any age is simply an average or 
arithmetic mean. It does not mean that any individual can 
‘expect’ to live those numbers of years any more than any 
individual would expect to earn the average salary of the 
people at his age. 

Kxpectiition of Life at Lirths in Years 


Country and date. 

Males. 

Females. 

Australia, 1901-1910 

Deninai’k, 1906-1910 

55.20 

58.84 

54.9 

57.9 

Norway, 1901-1910 

54.84 

57.72 

Sweden, 19()l-191() 

54.53 

56.98 

Holland, 19(10-19(19 

51.00 

53.4 

America, 1901-1910 

49.32 

52.54 

Knnland, 1901-1910 

48.53 

52.38 

Switzerland, 1901-1910 

49.25 

52.15 

France, 1898-1903 

45.74 

49.13 

Cermany, 1901-1910 

44.82 

48.33 

Italy, 1901-1910 

44.24 

44.83 

i Japan, 1898-1903 

43.97 

1 44.85 

India, 1901-1910 

22.59 

23.31 

Do 1921-1931 

i 26.91 

26.56 



- 


The mean after life time, the mean duration of life and vie 
moyenne are synonyms for the expectation of life. 

The expression the most probable life time is sometimes 
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used to denote the age at which the greatest number of 
peojde die out in a life table population. It may be got by 
noting in the dx table the year opposite which there is the 
highest number in the column. The hist year of life is the 
highest in this respect in all communities; but neglecting 
this the 72nd year in England and the 38th year in India 
shows the highest number of deaths. 

Colonel Joubert, in comparing the expectancy of the 
Indian lives Avith those of Europeans, observes that though 
the constitutions of healthy Indians may not be much 
inferior to the European standard from a medical point of 
view, their habits, modes of life, and the insanitary condi- 
tions amidst which they live are most distinctly inferior to 
the European standard, and render them more liable to acute 
diseases increasing the risk of assurance. For Europeans 
and Anglo-Indians living in India the exjiectation of life as 
given in the following table has been calculated in some 
detail. Table A is based totally on Indian experience from 
European and Anglo-Indian lives, while Table 11 on Indian 
experience from European lives only ni) to the age of 80. 


Afro 

Ivvpcctatioii 

Kxpoctatioii 

Age 

Ivxpectation 

Expectation 

i 

A 

B 


A 

B 

20 


33.65 

52 

12.63 1 

17.38 

22 ! 

31.43 

32.49 

54 

11.71 ! 

16.25 

24 

29.85 

31.41 

56 

10.72 i 

15.09 

26 

! 28.32 

30.56 

58 

9.68 i 

13.91 

28 

i 26.84 

29.31 

60 

8.72 

12.47 

30 

1 25.39 

28.26 

62 

7.93 

11.39 

32 , 

24.02 • 

27.22 

64 

1 7.27 

‘ 10.54 

34 

22.72 

26.19 

66 

6.62 

9.52 

3() 1 

21.49 

25.16 

68 

5.92 

8.54 

38 

20.28 

24.13 

70 

5.20 

7.62 

40 

19.07 

23.10 

72 

4.50 

6.75 

42 

17.86 

22.12 

74 

3.80 

5.95 

44 

16.69 

21.18 

76 

3.10 

5.23 

46 

15.57 

20.29 

78 

2.41 

4.57 

48 

14.53 

19.39 

80 

1.72 

3.98 

50 

13.55 

18.43 





Marriages. — These are usually stated in proportion to 
the total population, or the number per 1000 of population; 
but a more accurate method would be to base the marriage- 
rate for comparative purposes on the number of iinnmrried 
persons living at marriageable ages. With the Hindus 
marriage is an obligatory religious sacrament and is prac- 
tically universal. The universality of marriage tends to 
produce a rapid increase of population. About half the 
total number of males are unmarried, and of these three- 
quarters are under 15 years of age. Only one-third of the 



<382 


HYGIENE AND PUBLIC HEALTH 


total number of females are unmarried and of those three- 
quarters are under the age of ten and seven-tenths of the 
remainder under fifteen . 

In the following table the proportion of widows in the 
population per 1000 females and for certain age-periods 
are given and compared with the figures for England and 
Wales : — 


Ago. 

India 

Age. 

England and 

1951. 

Wales 1911. 

All ages 

154.8 

All ages 

73.2 

0-5 

1.1 

0-5 


5-10 

4.8 

5-10 


10-15 

9.7 

10-15 


15-20 

58.5 

15-20 


20-40 

154.5 

20-25 

i.h 

40-00 

507.1 

25-55 

13.1 

00 and ev^^r 

802.3 

55-45 

50.5 



45-05 

193.3 



05 and over 

500.9 


The great dilierencc between India and England in 
respect of marriage customs is shown by the fact that in 
England from three-fifths to two-thirds of both sexes are 
single and about a third are married. Three features are 
peculiar to India, vis. universality of marriage, the early 
age of marriage, and the large proportion of widows. 

There is probably a direct relation between early marriage 
and the duration of the reproductive fiuictions, and the 
premature strain of the latter tends to their earlier cessation. 
Dr. Duncan found the average fertility of women marrying 
at 15 to 19 years of age was 9.12, and it progressively 
diminished as age advanced, being 4.0 for those marrying 
at oO to 54 years. 

STATISTICAL METHODS 

The training of the average medical man has not as a 
rule led him to take more than a very superficial interest in 
statistics and statistical methods of computation, but has 
rather led him to distrust statistics and those who make use 
of them. This is unfortunate. Not only does he miss some- 
thing which helps to develop a true scientific attitude and 
to state facts and reason about them with jirecision and 
accuracy, but by the lack of such knowledge and attitude 
he isGempted to delude himself and others and to make 
grossly misleading statements based on insufficient or in- 
accurate premises. No attempt will be made to deal with the 
subject exhaustively but merely to point out the necessity 
of some acquaintance with statistical methods. Those who 
wish to pursue the subject further are advised to read the 
books referred to in the end of the chapter. 
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We come across statomenfcs like the following in medical 
papers and books : “Of 1000 cases of cholera treated by 
ordinary method 500 die, the case mortality is 50 p.c. I 
treated 50 cases by a new method and only 20 died, the case 
mortality was 40 p.c. My meuhodis therefore a great improve- 
ment on the ordinary method.^' Is this statement justified 
by the facts ? Obviously the number of cases treated by the 
new method was not very large and one feels the evidence 
is not sufficient. Would the statement be justilied if the 
number treated by the new method had been 100 and the 
deaths 40 ? Again, “The average pulse rate of 100 healthy 
people was 80 per minute. They were each given a dose of 
a new drug, the pulse rate was then 85 ; the new drug there- 
fore quickens the pulse. Is this statement justified by the 
facts ? We know by experience that if we take the average 
pulse rate of the same 100 healthy people on successive days, 
the average rate would not always be 80, but on some days 
it would be less and on other days higher. There would be 
a range of average pulse rates which would be due to normal 
daily changes or variations (or chance variations as they are 
called statistically) ; this range might be from 80 to 84 as 
determined by actual experiment. If our experimental pulse 
rate after giving the drug is within these limits, say 83, then 
the statement that the drug raised the pulse rate is of no 
value, but if it is outside the “natural limits of chance varia- 
tions” then the statement has some truth, and the changed 
pulse rate is, as it is termed, significant. The purpose of 
statistical method is to determine these natural limits of 
variations and to enable the experimenter to judge the value 
or significance of any new experimental methods of treatment 
or pharmacological action. 

Examples might be multiplied indefinitely, we give one 
more : “A community is examined month by month for hook- 
worm infection. The degree of infection was measured by 
the average number of eggs per gram of freces. The averages 
starting from January are 500, 480, 500, 500, 050, 750, 500, 
480, 400, 450, 400, 450. The light infections were therefore 
found in the months of May and June, and the lowest in 
September and November.” Obviously Ave cannot accept 
the statement as it stands. We must knoAv the number 
examined, the proportion to the Avhole community, and the 
ordinary ranges of variations from these averages that might 
be expected as explained above. Statistical methods will 
show us how to determine these ranges and to see wllether 
the different monthly averages fall within or without these 
ranges. If they are within, then they mean nothing special, 
if they fall outside, then they are significant and special con- 
clusions can be safely drawn, Avhich may be of great import- 
ance both from a medical and public health point of view. 
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Averages : 

An avenufe is a very useful and convenient method of 
stating a group of observations, and it is constantly used. 
Death-rates, birth-rates, infantile mortality rates, case 
mortality rates, are all ‘‘averages’^ or ^‘means’’. The arithmet- 
ical average is the one most commonly used. To iind it the 
whole observations of quality (size, rate per minute, height, 
etc.) are added and divided by the number of observations. 
The height of boys at a particular age (say 10) may be taken. 

ExiuiipU 1 : — We go to a very small school in Bengal and 
pick out the boys aged ten. There are only six. 

One is 10 inches in height 

One „ 40 ,, „ 

One „ 42 „ „ 

One „ 42 ,, „ ,, 

One .. 48 ,, 

One ,, 45 „ „ 

'fotnl heights — 252 inches. 


and the average height is 


42 


inches 


Is this a good average of the heights of Bengali boys of 
ten years of age V Obviously not, because the observations 
are on too small a number and four out of the six boys differ 
by as much as 2 inches from the average. 


Example 2 : — Suppose we take 100 boys and we get the 
following results ; 


1 is 85 

inches 

in 

heiglit 

1x35- 

35 

1 is 36 


7 * 

77 

1 X 36 — 

36 

2 arc 37 


77 


2x37- 

74 

4 arc 38 


•7 

,, 

4x38- 

152 

10 are 30 


77 


10x39 = 

390 

20 are 40 


77 

,’7 

20x40- 

800 

40 are 41 


77 

77 

40x41- 

1640 

15 are 42 


77 


15x42- 

630 

5 are 43 


>7 

77 

5x43- 

215 

1 is 44 

V 

77 

77 

X 

11 

44 

1 i s 45 


77 

7 ,* 

1 X 45- 

45 

100 




Total heights — 

4061 


We get the total combined heights of the 100 boys as 
shown on the right hand side of the table, by multiplying in 
each group by the number. The average height is therefore 
4061 100 = 40.61 inches. This illustrates a “weighted aver- 

age” where weifiht is given to the number in each group by 
multiplying the height of the group by the number in it. 
This average is obviously a better one than that of example 
one and we should get a still better average by taking 1000 
boys. Statistically we say that the comparative values of 
averages vary as the square-root of the number of observa- 
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tions, in this instance as [/ 0 to 100 or 2.7 is to 10 ; the 
second average is nearly I times better as an average than 
the lirst one. 

Deviations : 

If we take the 100 boys and pat them in order at eqvial 
intervals along a wall we should get a picture like hgure 
161. This is called an “Array'l 

If we join the boys’ heads we get a curve of a definite 
shape, flat in the middle and tailing off downwards and up- 
wards at each end. It is very often symmetrical about a line 
drawn half way along it. The height of the middle line 
represents Avhat is called the Median Height (LM Fig. 104) 
If we compare the mean we obtained by calculation 40.01 


*4 

4J 

4e 


4? 

39 

36 

3/ 

3o' 

39 


NUMBKliS oe BOYS 

Fig. 104.— Aruay: showing linndred boys arranged 
in order of their heights. 

inches on the ligure, it Avill be very nearly the same as 
the Median. If the curves are i^crfectly symmetrical, the 
median and the mean are identical. Is the median or the 
mean a fair average ? The curve lielps us to give an answer. 
If the curve is very flat in the centre, i.c. if on either side 
there are grouped together a largo number of individual 
boys who differ very little in height from the mean or median 
height then there will be a very large proportion of the 
boys whose heights approximate to the average rate^ and 
a very small proportion of boys who do not. In other words 
the mean or the median will be good estimates of the average 
height. 

Mean Deviation and Standard Deviation : 

Differences of any one item from the mean are called 
deviations. With the help of these deviations we can cal- 
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ciilate combined estimates of the variation exhibited by 
all the dittereiit values. 


1. 2. 

Deviation from 
moan 

8. 

Sums of 
deviation 
from mean 

4. 

Squares 

of 

deviation 

5. 

Slim of squares 

6. 

1 is 85 

-5.61 

5.61 

81.4721 

X 1= 31.4721 

1 „ 80 

-4.61 

461 

21.2521 

X 1= 21.2524 

2 are 87 

-8.61 

7.22 

18.0821 

X 2-= 26.0642 

4 38 

-2.61 

10.44 

6.8121 

X 4=. 27.2484 

10 89 

-1.61 

Ki.lO 

2.5921 

x lO^ 25.9210 

20 „ 40 

-0.61 ! 

12.20 

0.8721 i 

x20= 77.4420 

40 „ 41 1 

+ 0.89 

15.60 

0.1521 1 

X 40 =: 6.0840 

15 „ 42 

+ 1.89 

20.85 

1.9821 1 

xl5= 28.9815 

5 48 

H 2.89 

11.95 

5.7121 ! 

X 5 - 28.5605 

1 is 44 

+ 8.89 

8.89 

11.4921 j 

X 1 = 11.4921 

1 45 

+ 4.89 

4.89 

19.2721 1 

x 1 = 19.2721 

100 

1 

128.86 


288.7900 


Arrange the series as in table and in column 3 place 
the deviations of each group from tliQ mean, e»g. 35 - 
40.()1= -5.61 and in column 4 without regard to sign, 
put the product of the deviations and the number in each 
group ; on summing column 4 we get the mean of all the 
deviations (123.36) and this divided by the total number 
of observations 100, gives 1.2336 or the ‘‘mean deviation’’ 
of each item from the mean. 

Mathematicians, however, do not accept this “mean 
deviation” as being edicient enough as it does not give 
enough weight to the items which are farther away from 
the mean. They therefore adopt another deviation called 
the '^standard deviat ion^\ First the deviations are scjuared 
and put in column 4. This scjuaring gives the additional 
“weight” to the items farthest from the mean. In column 
5 are the products of these squares by the number in each 
group. The sum of the squares in column 5 is then divided 
by the number of observations (lOO) and the average 
“squared deviation” obtained. The square root of this is 
the “standard deviation’’ and is usually designated by the 
greek letter a (sigma). 

Thus in this instance the sum of the squares is 233.79 ; 


and therefore the standard deviation is 

( 


^| 233.70 
lOO “ 


1/2.3379 


== 1 .53 inches. 

It may be mentioned that if the mean round which the 
deviations are calculated as calculated from the recorded 
values as has been our case then the sum of squares in 
column 5 should be divided by one less the number of 
observations, i.e. by 99 and not by 100. A correct estimate 
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233 78 

of value of or therefore is \ " 1^9 "" inches. 

When the number of observations is small this correc- 
tion makes an appreciable difterence and should always be 
made. The theoretical consideration for making this 
correction is beyond the scope of this book. 

Frequency Curve : 

Of what use is the standard deviation when we have got 
it V We may represent the information in Kxampic trvo in 
another way by placing the heights along a base line and the 
number in each group as ordinates as shown in hgure 105. 

We get a bell shaped curve which starts and ends near the 
base line. Our curve is not actually symmetrical because for 
one thing the observations are comparatively few. If the 
observations were very numerous we may find the curve 
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HEIGJIT IN IN CUES 

Fig. 1()5.— Frequency curve showing number of boys in each 
group of heights. 

getting more and more symmetrical and of deftnite shape. 
It has been noticed that we get the same form of curve by 
tossing a dozen coins a very large number of times and record- 
ing the number of heads (or tails) that turn up each time. 
The ideal curve obtained is called the ^‘Normal Curve” or 
‘‘Gaussian Curve” and mathematically represents the 
chances or probabilities of certain events happening in an 
intinite or very large number of instances. 

This curve has detinite mathematical properties, and it 
is on these properties that we base our treatment of standard 
deviations. Those properties must be accepted. If the 
student wishes to pursue the mathematical issues, he may 
study a special book on the subject. 

The curve has the equation of the form y == e 

where e is the Napierian base of logarithms. 
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If is on the assumption that events happen in nature in 
conformitif with this curve that we make tise of this curve. 
Tins is an assumption of course, but it is found by experience 
to be a reasonable assumption. If we ])lot the heights or 



Fr(4. !()().— Tuk Normal Curve. 

the weights of a large number of boys at a certain age, the 
specific gravities of a large number of milk samples, the 
size of walnuts, etc., etc., we lind they all lit approximately 
to this curve. 



If we plot out the number of items in Table 2 on page 
680 as the deviations from the mean, we get a curve of the 
nature shown in figure 167. This is similar to the normal 
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curve, and here again mathematicians assume that deviations 
distribute themselves in the same way as the normal curve. 
That is, the maximum number of items which have no 
deviation from the mean is situated at 0, the number at each 
deviation on the minus side and on the plus side are 
symmetrically grouped about the centre point of na 
deviation, and follow the line of the ^‘Normal Curve/^ 

If we agree to this we can proceed to make use of our 
‘‘standard deviation.’^ If we apply it to our normal curve of 
deviations it will fall into a certain place on the plus and 



Fig. 168.— Curve of Deviations, Position of Standard Deviation 
and Prol)able Error. H and B' show the Position of the Standard 
Deviation ; P and V' ol* the Probable Error. Note P and P' are nearer 
0 than B and B'. 'Plie distance of P and P' from 0 is *6745 times the 
distance of B and IV from 0. The area of the curve between P and P' 
is equal to the sum of the crossed hatched area plus the areas between 
P and B and P' and B'. 

minus side of the 0 point (say B and B ), and the areas of 
the curve enclosed by B and B' should represent Mean + cr on 
one side and Mean - on the other. This area should be 
approximately ecpial to the sum of the areas on the other 
sides of B and B' (the shaded area). As a matter of fact 
the clear area is a little larger. Here a retinement comes 
in. If B and IP are placed a little nearer to the centre at a 
distance of 0.0745 times the distance from the centre, the 
areas will now be equal (the figure .6745 is obtained from the 
mathematical properties of the curve and we accept this 
without further argument). This new position of the standard 
deviation (.6745 times) is called th^ prohahle error because it 
represents a position of equal areas in the curve, where the 
chances of any particular deviation falling on one or other 
side of the probable error are equal. In modern statistical 
literature standard deviation is generally used instead of the 
probable error. 

Take the curve of deviations again and put a line marking 
the positions of three times the probable error or approxi- 
mately twice the standard deviation on each side of the mean. 
(See tig. 169). It will be seen that this practically includes 
the whole of deviations except for a very small number at the 
extreme ends of the plus and minus ends. The implication 
of this is very important and is a clue to understanding the 
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whole application of the standard deviation or the ‘^probable 
error.” 

If we take a ran^^e of Mean + 3 times the probable error 
on one side and Mean - 3 times the probable error (written 
Mean ±3 p.e.) this range will include all the likely numbers 
of the particular group under observation, and an individual 
picked at random from somewhere else, but supposed to 
belong to the same group (say boys of ten) would be likely to 
fall within these limits, otherwise there is something freakish, 
peculiar or significantly different about him. 



Fig. 1(19. -Die area of a normal curve inside (blank) and outside 
(shaded) the limits set by three tinies the probable error. 


To go back to the heights of boys of 10 years of age. We 
jhave found the mean to be 40.()l±p.e. 0.6745 x 1.52 ; giving a 
range of 40.61 + 3 x 1.025= 43.685 on one side and 40.61- 
3 x 1.025 = 37.535 on the other. These give a range of 43.7 
to 37.5 inches approximately as likely to include all the 
possible heights of boys often of this class. Suppose we go 
into the street and pick any one boy of ton at random and 
find his height is 42.5 inches ; this fits into our range and we 
know that there is nothing specially significantly different so 
far as his height is concerned to our other boys. If his height 
was outside our limits, say 45.5 inches, we would suspect that 
there was something essentially different in this boy from the 
class we have examined. He was either abnormally tall or 
abnormally short, or might belong to a diff'erent class of boys 
altogether, e.(j. a Jhinjabi. 

If we took 100 boys in another town and found their 
mean (and not just one individual) and wished to compare 
this with the mean of our original lot of boys, it is obvious 
that^our range should be more restricted than for the com- 
parison of one individual only. In this case our standard 
deviation must be smaller and is found by dividing the stan- 
dard deviation as found above by the square root of the 


number of observations, 

VlOO 


1.52 1.52 


10 


==.152. Our mean for 


this purpose would now be written 40.61±.152. 
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The standard deviation of the mean value is called the 
standard error of the mean. 

We could apply the above methods to the problem of 
hookworm infection (.seepage 683). We find the first mean of 
our observations of egg counts, say in 100 persons. We find 
the probable error of tliis mean, and multiply by 3 ; we then 
take a range of the mean plus three times the probable error, 
and the mean minus three times the probable error. Next 
month we repeat the observations and get a new mean for 
our egg counts, if this is Avithin the limits as found above it 
is not significantly dilferent from the mean of the previous 
month ; if it is outside those limits, it is reasonable to suppose 
that the egg counts or the infection is significantly dili'erent 
from the previous month^s, being either more or less as the 
case may be. This is a very important conclusion to be able 
to make, and without stating the probable error of the 
monthly means, the results might (though not necessarily) be 
quite valueless and the conclusion erroneous. 

Coefficient of Variation : 

Coefiicient of variation is defined as the percentage 
variation in the mean and is calculated by the following 
formula : — 

Standard Deviation 

CoeiTicient of variation -= — — x 100 

mean 

The standard deviation measures absolute variation in 
concrete units such as inches, pounds or degrees, whereas 
the coefiicient of variation ])rovides a relative measure of 
variation or scatter. The need for it arises when we con- 
sider that to judge the amount of variation we ought to take 
into account the size of the mean from which variation is 
measured. A variation of some inches may appear conspicu- 
ously large Avhen comparing tlie heights of taller animals 
like elephants. This coefiicient has been of great use in 
comparing the degree of variation of various character of 
medical interest. VVe may like to know for instance whether 
among healthy persons the weight of the spleen is more 
variable than that of the heart. The coeflicicnts of variations 
for spleen and the heart are 38.2 and 17.7 respectively 
and therefore spleen shows greater variation. Again, *Ts 
the length of the foot a more variable characteristic than 
say the size of the spleen This has been worked out and 
the coefficients of variations are 4.59 and 31.21 respective- 
ly, that is, the size of the spleen in man is more variable 
than the length of the foot. 

The Probable error of Differences . — How do we apply the 
idea of the probable error to the question of the difference 
in the pulse rate noted at the beginning of this chapter? We 
do it as follows ; — The probable error of the difference be- 
tween two independent variables is equal to the square root 
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of the sum of the squares of the probable errors of the 
quantities entering into the difference. 

The following example will make it clear. The average 
pulse-rate per minute in a group of normal people was 
79. 68±. 15 beats per minute. A drug was administered to 
all and the average pulse-rate then was 81.12±.20 beats 
per minute; (.15 and .20 being the probable errors). The 
difference is 81.12-79.68 = 1.44; and the probable error of 

difference is i/(7^)2+ (.15)2 = y'.l)4TT22~5 = y" 1)625 = .25. The 
difference is therefore 1.44±:.25. 

The difference is six times its probable error, and from 
our previous consideration of the normal curve, we conclude 
that the difference is significant, as three times the probable 
error is likely to include all diff'erences due to chance or 
random sampling. In this case therefore we are justified 
in concluding that the drug had a real influence in quicken- 
ing the pulse-rate and that the average quickening found 
was outside the limits likely to be due to chance variations 
of the pulse-rate in this group of people from day to day. 
In the above example probable errors and standard devia- 
tions have been used as synonymous, though strictly s])eak- 
ing the ‘‘ probable errors’" in the example should have been 
.6745 times the “standard deviations” given. 

The use of the probable error in estimating the value of 
different treatments in diseases as measured by mortality . — 
Death-rates from individual diseases are usually expressed 
as “case mortality percentage.” Take the following ex- 
ample, say cases of enteric treated by different methods, 
vi^., A, B and C. 

.V 15 C 

No. ofcase.s 1200 865 3286 

No. dyino: 42 20 10 

Case mortality 8.5 2.8 .83 per cent. 

At flrst sight both B and C seem to be superior to A as 
methods of treatment. Is this really so, or are the differ- 
ences in treatment possibly due to accidental sampling and 
a small number of cases, and not really to the differences 
in treatment? 

Where we have a number of cases and when the results 
are only possibly two, i.e. either dying or recovering then 
the following formula gives the probable error, based on the 
mathematics of the normal curve. 

If rt is the whole niunber of cases 

and p the proportion of case.s dying= { 

V total case.s / 


and q the proportion of cases recovering- / 

V total cases 

then p + q = l 

and the probable error of p = j-.6745 / P ^ fl 

\ n 


) 
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^ ^ — being the standard deviation (a). 

For A the standard deviation = ^ per cent. 

\ n \ 1200 


„ B 



1 

2-3 X 97-7 


11 

„ = y! 

8(t5 f 




1 

•81 X 99 19 




” = \ 

1236 


per cent. 

To compare series A with B. 

The difference in case mortality is 3.5-2. 3 = 1. 2 p.c. 
The prol)al)Ie error of the difference (see above). 


a — .6715 J sum of the squares of their standard deviations. 
= .6745 


= .6715 
= •50 per cent 


y3*5 X 96*5 2‘ 

3 X 97-7N 

\ 1200 

865 / 


865 
per cent. 


The difference in case mortality between treatment A 
and treatment B may therefore be stated as 1.2±.5 per cent. 

The difference 1.2 is less than three times its probable 
error and therefore is not significant. There is therefore 
no real reason on tJfe evidence of case mortality alone, that 
treatment B was superior to treatment A. 

Comj)aring treatment A and treatment C. 

The difference of mortality is 3.5 - .81 ^ 2.09 per cent. 

The probable error of this difference is 


/ 3’5 X 96’5 ’Si 

= •(>745 ^ •281.T^Mi'5 
= *6715 v/ '316 = *4 ne 


< 99-19 


I A mr A. if 

1-255 ' per cent. 


2.69 ±.4 per cent, is the difference in mortality between A 
and C ; 2.69 is greater than (3 x .4) = 1.2 p.c. ; therefore there 
is justiftcation for concluding that treatment C has really 
reduced the percentage mortality, other things being equal. 

This test of significance is based on certain theoretical 
assumptions. When the total number of cases is small 
or when the case mortality is low these assumptions are 
not usually satisfied. In such cases therefore the results 
should be interpreted with caution. A consideration of 
the theoretical assumptions is beyond the scope of the 
book. 

I 

Correlation : 


We constantly hear opinions expressed as follows : ‘‘The 
rains are unhealthy because most of the diarrhoea and 
dysentery occurs then^’. “The more the rainfall in any year 
the more the malaria, or the less the malaria’’. “Tall people 
have long arms” and so on. How can we judge of the truth 
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or otherwise of these relcitionships. Galton and Pearson 
have given us a method of evaluating the relationship be- 
tween two varying occurrences. The relationship is ex- 
pressed as a number between - 1 and + 1. This is called the 
‘‘Correlation Coefficient^\ If it is 0 there is no relationship 
at all. If- 1, the relationship is apparently perfect but 
opposite, that is, as one variable increases, the other 
decreases proportionately. If+I, then the relationship is 
perfect in a positive manner, that is, as one variable in- 
creases or decreases the other increases or decreases propor- 
tionately. The following table shows the method of calcula- 
tion. The standard deviations are lirst found, and then 
products of individual deviations are multiplied and summed. 
This numerator is divided by the nnmber of items in the 
series. The correlation coeilicient is usually denoted by 
the symbol r and the calculation to obtain it is as follows : — 
^ ^ (x X y) _ 

^ N+^1 X ^2 

Where x is the individual deviations of the lirst series ; 
and y the similar values of the second series, and ^xy the 
summation of the individual ])roducts'of these. N=^the 
number of observations and Oi an<lof 2 the respective standard 
deviations of the two scries. 

A simple cxaTiiple is given below : 


Series 1 

\ 

X- 

Series 2 

— 

y 

y- 

x X y 

1 

-4 

1(> 

1 

-() 

80 

-h24 

2 


9 

4 

8 

i) 

h 9 

8 

-2 

4 

5 

“2 

4 

+ 4 

4 

-1 

1 

0 

-1 

1 

1 1 

n j 

(■ 

0 

<S 

hi 

1 

+ 0 

6 

+ 1 

1 

10 

+ 8 

9 

4 8 

7 

-i-2 

4 

9 

-i 2 

4 1 

■1^ 4 

« i 

+ 8 

9 

<S 

+ 1 

1 

i 4- 8 

9 

+ 4 

10 

12 

4- 5 

25 

j + 20 

Mean = 5 ! 

^ 1 


Mean =7 


vy-'-9() 

^xy — 'f08 

1 


If we look at the two series we note that there is a 
general tendency for the items of one to increase as the other 
increases, but number 7 and <S items in the series 2, diminish. 
We \YOuld therefore expect some ])ositive (plus) correlation 
though not possibly a perfect one. 


^ I .o _ / 90 ' 


ViO =3-16 


correlation. 
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The variation of the correlation coefhcient due to chance 
alone is extremely important. A high coetlicient based on a 
very small number of cases may arise due to chance. Corre- 
lation may therefore be high and signiticant, or high hut not 
significant, or low and insignificant or low but signilicant. 
For judging the significance of correlation of small samples 
standard tables* should he consulted. The following table 
gives some of the values of correlation coefticient which can 
arise due to chance alone in 1 p. c. cases from samples of 
sizes shown against them. Since I p. c. is a rare occurrence 
we say that these values are significant, i. e. they are not due 
to chance. 

VaLUKS of COUUKLATION CoEFFIClEXT ON 1 P. C. SlONIFICANCE LeVEL 


No. of pairs of values 

Correlation coeflieient 

H 

.9999 

A 

.9900 

i) 

6 

.9172 

7 

.874-5 

8 

.884-5 

9 

.7977 

10 

.7()4-(> 

15 

.611 1 

20 

.5614 

_ _ 1 




The value .Oli of correlation coeflicient from 9 pairs of 
observations is greater than even the one we expect to occur 
due to chance in L p. c. cases. lienee we may say that it is 
significant. 

Refekknces : Medical Stalistics by Woods and Ihisscll ; Medical Bio- 
mefrjf and Sfatisfieshy Ifayinond Pearl; V ital StatiMics by Ncwslmhne. 
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APPENDIX I 

Instructions for District Health Officers in Bengal 

1. The District Health Olficer shall communicate to tlje Health 
Officer of a municipality situated within the district any information 
which he may possess as to any danger to health threatening that 
municipality. 

2. He shall see that the subordinate public health staff are diligent 
in searching for omission in the register of births, and as far as pos- 
sible, that careful watch is kept at burial-grounds and burning ghats 
to ensure that bodies are properly disposed of and that every death is 
duly recorded. 

In consultation with the Chairman he shall arrange for the 
delivery at important inelas, fairs, religious festivals and agricultural 
exhibitions of simple lectures on sanitation and the prevention of 
diseas<% illustrated, if possible, by magic lantern slides. With the 
permission of the (^hairnian and of the local educational authorities, 
he may also deliver lantern lectures on sanitation and the prevention 
of disease in such schools as he may from time to time visit. 

4. Whenever necessiiry or ad visable, or whenever direct(*d to do 
so by competent authority, he shall inspect th<^ sanitary condition of 
railway stations and steamer ghats in his district, reporting the result 
of his inspection to th(5 District Hoard, the District Magistrate and 
the Director of Pul)lic Health simultaneously. ' 

5. PiVery Monday he shall forward to the Director of Public 
Health by post, at such an hour as in tlie ordinary course of post Nvill 
ensure its delivery to tln^ Director of Public H(‘aith on the following 
Tuesday morning a return, in such form as the Government or the 
Director of Public Health may from time to time require, showing 
the number of cases of infectious disease notihed to him during the 
week ending on ( he preceding Saturday niglit. He shall also forward 
at the same time duplicate copies of the return to the District 
Magistrate and to the Health Officer or Ollicers of any municipality 
or municipalities in his district. 

d. He shall transmit to the Director of Public Health, the District 
Magistrate and the municipality or municipalities in his district copies 
of his annual report and of any special report. 

{Bengal Government, Municipal Department Circular^ No. 367~71 
San., dated the 2nd .July, 1920). 
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The Duties, etc., of District Health Officers in Bengal 

In addition to tlie duties imposed upon him by any law, for the 
time l>einjT in force, re<Tardin<? public health, every District Health 
Otficer shall perforin the following duties : — 

(1) He shall perform all the duties imposed upon him by properly 
constituted bye-laws and regulations of the District Board in respect 
of any matter affecting public health. 

(2) He shall attend the meetings of the Sanitation Committee of 
the District Hoard. 

(3) He shall execute and enforce the regulations, rules and orders 
relating to public liealth, which may be enacted, made or issued by 
competent authority. 

(4) He shall kei^p himself informed, as far as practicable, respect- 
ing all intlueuces affecting or threatening to affect injuriously the 
public healtli in tlie district. For tl^is purpose, he shall visit the 
several areas or localities under his jurisdiction, as occasion may 
require. 

(5) He shall inquire into and ascertain the causes, origin, and 
distribution of diseases within the district, and ascertain to what 
extent th<‘ same depend on conditions capable of removal or 
mitigation, 

(()) He shall consult with the Health Oflicers of municipalities 
within his district whernwer the circumstances may render this 
desirable. 

(7) He shall advise the I )istrict Board on all matters affecting the 
health of the district and on all sanitary points involved in the action 
of the Board; and, in cases requiring it, he shall certify, for the 
guidance of the District Boards, as to any matter in respect of which 
the certificate of a Medical Officer of Health is required as the basis 
or in aid of sanitary action. 

(8) He shall, from time to time, inquire into and report upon the 
accommodation available in hospitals or dispensaries either main- 
tained or aided by the District Board for the isolation of cases occur- 
ring in the district of (a) cholera, {h} small-pox, (c) plague, and (d) 
other infectious diseases, and upon any need for the provision of 
further accommodation. 

(9) On receiving information of the outbreak of any infections 
or epidemic disease of a dangerous character within the district, he 
shall visit without delay the locality where the outbreak has occur- 
red, and inquire into the causes and circumstances of such outbreak: 
and in case he is not satisfied that all due precautions are being taken 
he shall advise the persons competent to act as to the measures which 
appear to him to be required to prevent the extension of the disease, 
and shall take such measures for the prevention of disease as he 
is legally authorized to take under any law in force in the district or 
by any resolution of the District lioaril. 

(10) Subject to the instructions of the District Board, ho shall 
direct or superintend the work of subordinate public health staff of 
the district, and on receiving information that his intervention is 
required in consequence of the existence of any nuisance injurious 
to public health, he shall, as early as practicable, take such steps as 
he is legally authorized to take. 

(11) He shall pay particular attention to the water-supply of the 
district, especially if it is derived from public wells or reserved tanks. 
He shall report to the (9iairman if the ])ublic wells are not kept in 
good repair and if the reserved tanks are not properly fenced and 
kept free from contamination, and he shall render every assistance 
to ensure the purity of the water-supply. 

(12) In order to facilitate the adoption of measures for reducing 



698 


APPENDIX II 


the provalenco of malarial fever, he shall have a careful survey made 
of the disti il)utiou of malaria in the district. Wiien^ as a result of his 
survey, he has obtained an accurate knowledge of the distribution and 
relative intensity of the malaria existing in different parts of the 
district, he shall prepare a detailed scheme of antimalarial sanitation 
designed to meet the existing conditions, and shall submit it to the 
Chairman of the District Hoard for the approval and sanction of the 
Board. 

(13) He shall see that vaccination is carried out thoroughly and 
efificiently by the subordinate public health staff of the District 
Board. In the course of his tours of inspection, he shall carefully 
ascertain, in the case of every village inspected, the proportion of 
children protected and those not protected by vaccination, and shall 
report the same to the (Miairman. 

(14) He shall arrange for the attendance, either of himself or of 
members of the subordinate public health staff, at important melas^ 
fairs, religious festivals and agricultural exhibitions in th(‘ District 
Board area, and for the erection of temporary lat rine aca'ommodation 
and the protection of the watew-supply, in order to guard against the 
occurrence of water-borne disease. 

(15) If he is of opinion that any trade or occupation or the 

keeping of any goods or merchandise, by naison of its being injurious 
to the pid)lic health, should be suppressed or removed or prohibited, 
or that action sliould be taken r(^gardiug any public nuisance, he 
shall report the matt(‘r to the (Miairman, so that action may be taken 
under section 133 of the (V)d(* of (’riminal Brocedure, 1898, or any 
othei* provision of law. ' 

(lb) He shall, from time to time, but not less than once (‘very 
month, report in writing to the District Board his proc(‘edings and 
the measures which may re(piire to be adopted for tin* im])r(>v(‘nu‘nt 
or protection of the public In^alth in tin* district. H(^ shall in like 
manner report with respect to the sickness and mortality within the 
district, so far as he has been able to asc(‘rtain the same. 

(17) He shall forthwith report to the Director of Public Health 
any case of plague, <diob*ra, or small-pox, or any serious outbreak 
of epidemic disease in the district which may be notified to him or 
which may otherwise come or be brought to his knowledges 

(18) He shall, as soon as practicable, after the 31st day of 
December in each year make in a. form presciibed by competent 
authority, an annual re[)Ort to the District Boaid up to the end of 
December, on the sanitary circumstances and the sanitary adminis- 
tration of the district. 

(19) At least a month b(‘fore the dat(^ for the i)reparation and 
consideration of the annual budget of the District Board he shall 
submit a programme of the sanitary works and improvement which 
he proposes for execution during tin* following yisir. 

2. Every District Health Otlicer is (‘ntitl(‘d to draw travelling 
allowance in accordaiuu* with the rules for tin* purpose in the Civil 
Service Regulations for journeys performed on duty. 

3. Every District Health Officer is entitled to the benetit of the 
leave rules under the (h'vil Service Regulations, should there be 
no separate approved set of leave rules prescribed by the District 
Board under which he is employed. 

4. The appointment, removal and dismissal of ev(‘ry District 
HtmltmOfficer is subject to the approval of the Commissioner of the 
Division in which the district is included. 

5. lAery District Health Officer shall be directly under the orders 
and control of th(‘ Chairman of the District Board. 

6. The subordinate public health staff of a. District Board wdll be 
under the immediate order and control of the District Health Officer. 

{BpAifial (rovprnmPMt, Municipal Department Circular, No. 25-29'!. — 
8aw., dated the 9th June 1920. 



APPENDIX III 

The Duties of Sanitary Inspectors 

1. (1) Control of Conservancy Department.— Vhe principal duty of 
Sanitary Inspectors is to see that tlie Conservancy department does 
its work properly. They must therefore divide their time between 
the various branches of that department. 

(2) Sanitary Inspectors must particularly bear in mind that it is 
their busiiKvss not merely to order work to be done but to see that it 
is actually carried out. 

2. (1) Inspection. -The Sanitary Inspector must commence his 
inspection at an early liour in the morninj^ when the actual cleaning 
operations are in progress. When passing round his ward or town, 
he must see that the scavengers are at work, and that tlie rubbish is 
being properly removed and that the road drains are cleaned. 

(2) He must visit all public latrines and urinals and a large 
number of private privies and cess-pools. In (his connection, he 
must arrange to meet the j a marlar of the private latrines, conservancy 
department, daily, and receive his rei)ort as to whether any com- 
plaints have been made and whether the department is working 
satisfactoril y. 

(d) He must not consider that his duties indicated in sub-rules 
(1) and (2) are complete until he has seen the stre(‘t rubbish properly 
removed and the night-soil from tlui public latrines carried away 
to the tremdiing ground. 

(1) He must keej) a note-book in such form as the Chairman of 
the Municipality may prescribe, in which lie shall record the par- 
ticulars of such defects in private privies or latrines as require action 
by the owners and of th(‘ action taken to remove them. 

(5) In the course of his round, he must- 

la) take iiole of any useless undergrowth and tanks that require 
clearance, and riqiort the same to the Medical Ofticer of Health 
[Chainnan of tlie Mnnlcipality]* and 

check th(‘ must(‘r-rolls of the metliars and menials. 

(1) Conservancy animals and property . — He must pay par- 
ticular attention to the condition of the conservancy animals, seeing 
that the (joivkliana is kept clean, that the bullocks are properly fed, 
and that all tlndr minor ailments are treated at once. 

(2) If serious diseases, such as rinderpest and anthrax, appear 
in the. (foivkhana^ he must take every possible precaution and must, 
without delay, obtain the help of the veterinary assistant, if one is 
available. 

(3) He must also see that the conservancy carts, night-soil buckets 
and other tools and plant of the (k)uservancy Department are kept 
clean and in proper order. 

4. (1) Markets. -In the course of his round, the Sanitary Inspector 

must inspect all markets, buildings, shops, stalls or places used for 
the sale or storage of articles intended for food. 

(2) If he tinds in any market, building, shop, stall or place used 
for the sale or storage of articles intended for food, or as a slaughter- 
house, any articles which appear to be unlit for food, be mujft seize 
them and report the matter at once to the Medical Ofticer ot Health 
[Chairman of the MnnicipaUtif],* who will thereupon take suitable 
action under the Hengal IMunicipal Act, 19JI2. 

4A. (1) He shall make regular inspections of cowsheds and 
dairies and riqiort whether they are in sanitary condition. He shall 
also see that the milk- vessels kept for such cowsheds or dairies are 
properly cleansed and sterilised. 

(2) if when making any such inspection or at any other time he 
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detects any contagious or infectious disease amongst inilch-cattlo, 
especially tubercular diseases of tlie udder, he shall rep )rt the fact to 
the Healtli Oiiicer [Chainnan of the Municipality]* and shall take such 
precautions as may be necessary. 

5. Trenchinif-cjroiinds. -He must visit each trenching-ground at 
least tliree times* a week, and must see that all sewage is properly 
buried there : 

Provided that this rule shall not apply in towns where there is a 
special Sanitary Inspector deputed to be in sole charge of this part of 
the conservancy work. 

6. ( 1) Births and deaths. —In the course of his inspection, the Sani- 
tary Inspector must take note of all births and deaths that lie may 
hear of, and must report them to the Municipal Registrar. 

(8) He must also visit burning ghats and burial grounds once a 
week, if any exist within his ward or town, arid enquire into the 
number of liodies disposed of there since his last visit. 

7. Epidemic diseases. ~Hi> must at once report to the Medical 
Odicor of Health [the Civil Surtjeon or the Chairman of the Munici- 
pality]* the outbreak of epidemic diseases, such as cholera, small-pox 
and plague, or any suspicious increase in the mortality or sickness 
of his ward or town. 

8. (1) Preventi()}t of encroachments on road or drains^ and pollu- 
tion of water-supplff. -Ht^ must bring to the notices of the Medical 
Odicer of Health [the Chairman of the Municipality]* any encroachment 
on to any road or any illegal covering up of the municipal drains. 

(2) H(‘ must also report to the same oHicer tlu^ insanitary condition 

of any well or tank, any defects in the water* hydrants and the name 
of any pi'rsou wlio wastes the public water-supply. 

(8) He must inspect all-sources of jiublic water-supply and take 
steps to prevent pollution of the water and the spread of water-borne 
disease by calling the attention of the Medical Olhcer of Health [Bie 
Chairman]* to any case in which it appears necessary to take action 
under section 301) of the Bengal Municipal Act, 1982. 

9. Slaufjhter-hoftses. —Ho must inspect all slaaghter-houses from 
time to time, and must see that they are kept in a clean and sanitary 
condition, and that all refuse is moved therefrom to the trenching- 
ground. 

10. Daily report,~Ui the afternoon of each working day, he must 
go to tlie oitice of the Medical Otticer of Health [the Cliairman]f to 
make his report and to receive any orders that may be given to him. 

He must also report any instance of a public nuisance within the 
municipality which requires immediate removal for the sake of public 
health and safety. 

11. Hostels and sarais.~He must, from time to time, inspect all 
hostels and sarais within the municipal area. 

12. Knowledge of certain provisions relating to the public health . — 
He must be thoroughly conversant with all sections of the Bengal 
Municipal Act., 1982, which relate to the public health. 


t 

•The words in italics within square brackets should be substituted 
for “the Medical Officer of Health” in municipalities in which there is 
no such officer. 

(Circulars jNos.-~2072-7(}M.^ dated the 29th October 1915, and ^o. 8 
San , dated the 2Hth February 1917, by the Government of Bengal, Muni- 
cipal Department). 
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A 

Abattoir, 114 
Abortion, 338 
Abortus fever, 231 
Absolute humidity, 391 
and cholera, 392, 552 
Abyssinian tube wells, 19 
Acanthia lectularius, 428 
rotunda! us, 428 
Accidents, industrial, 103 
Acclimatisation, 373 
Accommodation in fairs, 651 
Accredited milk, 236 
Acid carbolic, 481 

hydrocyanic, 487 
sulphurous, 482 
Acids, vegetable, 164 
Acquired immunity. 467 
Activated carbon, 45, 60 
slud'ie process, 314 
Active immunity, 467 
Adco, 259 

Admiralty Disinfectant test, 479 
Adsorbents, 45 
Adulteration of bread, 204 
of butter, 242 
of ^hee, 243 
of milk, 232 
Aedes te^ypti, 406 
Aerated bread, 203 
water, 244 
Aeroscope, 100 

African relapsing fever, 432,527 
After damp, 113 
Air, 73 

amount required 
for animals. 88 
for class rooms, 619 
for combustion, 88 
for the healthv, 86 
for the sick, 88 
for ventilation, 86 
as disinfectant, 471 
borne disease, 402, 560 
chan.Ltes due to combustion, 76 
due to respiration, 74 
collection of, 100 
composition of, 73 
conditioning, 99 
coolinj^ of, 97 
diseases due to, 81 
dust and bacteria in, 79 
examination of, 100 
for ammonia, 101 
for carbonic acid, 101 
for carbon monoxide, 101 
for or};yanic matter, 100 


Air, examination of, 

for suspended matter, 100 
heating of, 96 

hot dry, as disinfectant, 472 
humidity of, 76, 105, 376 
industrial impurities of, 81 
organic matter in, 75 
puri heat ion of, 95 
sewer, 81 
effects of, 82 
soil, 136 

temperature of, 383 
washer, 80 
Alastrim, 564 
Albuminoid ammonia, 67 
Alcohol, 248 

action of, 249 
Akta or Akii, 209 
Alluvial soil, 130, 139 
Alphormant lamp, 486 
Alum, 40 

Aluminium sulphate, 307 
Aliimino ferric, 41 
Ambulance, 463 
A)ucUnr, 215 
Ammonia, 67, 111 
clilorine, 60 

Ammoniated mercury, 435 
Anabas scandens, 517 
Anabolism, 138 
Ancylostotnum braziliense, 453 
duodenale, 452 
examination of ova, 459 
identiheation of, 456 
larvm, isolation from soil, 459 
mode of infection, 454 
prophylaxis, 457 
symptoms of, 455 
Anemometer, 391 
Aneroid barometer, 387 
Angus Smith varnish, 29, 288 
Animal food, 217 

composition of, 218 
parasites. 344, 437 
effects of, 438 
Animals, inspection of, 218 
keeping of, 114 
slaughtering of, 114 
tuberculosis in, 221 
Anopheles, 406 

characters of. 413 
Ante-natal care, 630 
clinics, 630 
Anthracosis, 117 
Anthrax, 143, 598 

in animals. 599 
forms of, 599 
prevention of, 600 
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Anthrax Act, 600 
Anticholera inoculation, 553 
mixture, 554 
propai^anda, 558 
Anticoagulation vitamin, 171 
Anticyclonic system, 389 
Antineuritic vitamin, 168 
Antiplague inoculation, 544 
Antipolo system, 319 
Antirachitic vitamin, 170 
Antiscorbutic vitamin, 169 
Antiseptics, 471 
Antiserum, 468 
Antisi phonic action, 292 
Antisterility vitamin, 170 
Antityphoid inoculation, 547 
Aqua privy, 319 

Area of rooms, determination of, 96 
Argas persicus, 432 
Arithmetic progression, estimation 
of population by, 661 
Arrak, 249 
Array, 685 
Arrowroot, 212 
Arsenic, 108, 436 
Arseniuretted hydrogen, 109 
Artesian well, i9 
Artificial cooling of air, 97 
immunity, 467 
light, 76 

puritication of water, 38 
silk, 350 
ventilation, 92 
Asbestosis, 117 
Ascaris lumbricoides, 37,447 
Ascorbic acid, 169 

Asexual cycle of malaria parasite, 505 
Asparagus, 213 
Aspiration, 89 

Assmann’s psychrometer, 395 
Atmosphere, changes in, 74 

due to combustion, 76 
due to dust and bacteria, 79 
due to respiration, 74 
due to smoke, 77 
Atmospheric electricity, 396 
humidity, 391 
ozone, 395 
f’lressure, 385 

effects on health, 376 
Atta, 201 
Atap rice, 205 

Austral Auto-flush cabinet, 645 
Auto intoxication, 182 
Avenin, 4.208 
Averages, 684 
Aviator’s sickness, 377 

B 

Back to back houses, 146 
Bacillus coli count, 70 


Bacon, 223 
Bacteria, 79,401 
air, 79 

characters of, 401 
grouping of, 401 
in milk. 231 
sewage. 69 
soil, 69.138 
water, 69 

Bacterial food poisoning, 178 
Bacteriological examination 
of air, 100 
of milk, 238 
of water, 68 

Bacteriophage, 470, 501, 557 
Bael, 215 
Uadis, 517 
Balam rice, 205 

Balanced system of ventilation, 95 
Bakehouse, 155 
Balantidium coli, 548 
Banana, 214 
flour, 214 
Bananose, 214 
Barbeiro, 429 
Barbus, 517 
Barff’s process, 30.288 
Barium carbonate, 542 
Barley, 207 

patent, 207 
pearl, 207 
pot, 207 
Scotch. 207 
Barometer, 385 
aneroid, 387 
Fortin’s, 386 
reading of, 386 
Barometric fluctuations, 388 
Basal metabolism, 172 
Basalt, 132 
Basaltic magma, 130 
Base exchange, 39 
I^atch oil, 253 
Baths, 294, 345 
cold, 345 
swimming, 62 
warm, 345 
Bauxite, 132 

Beat knee and elbow, 112 
Bed-bugs, 428 

Bedding, disinfection of, 435 
Beef, 222 

Beehive incinerator, 643, 654 

Beer, 248 

Beet root, 211 

Bell trap, 291 

Bemax, 204 

Bengal Municipal Act, 237,323,461,621 
Benign tertian parasite, 505 
Beri-beri 168, 183, 590 
Berkefeld filter, 61 
Beverages, 244 
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Bhutia, 207 

Bidet, 285 

Billiarzia lii'ematobium, 438 
Bilharziasis, 438 
Bilivaccine, 549, 554 
Bio-aeration process, 314 
Bioiojyical treatment of sewage, 307 
Birth control, 337, 664 
Birth-rate, 663 

causes affecting, 663 
crude, 663 

Births and Deaths Act, 659 
Biscuits, 204 
Biting Hies, 420 
Black cotton soil, 130 
damp, 113 
Hies, 414 
pepper, 252 

Bleaching powder, 42, 485, 491, 555 
Bleeders, 335 
Blood boiling, 115 
drying, 115 
Huke, 438 
Bloomless oil, 253 
Blue-bottle, 418 
Body louse, 432 
Boiling, sterilisation by, 38, 473 
Bone boiling, 115 
Bonificazionc, 519 
Boots and shoes, 351 
Bored-hole latrines, 266 
Borrow pits, 141 
Botulism, 178, 181 
Bowels, care of, 343 
Bran flour, 202 
I^randy, 248 

Brass founder’s ague, 109 
Bread, 202 

adulteration of, 204 
aerated, 203 
fermented, 203 
un fermented, 203 
Brick Helds, 82 
liricks, 147 

perforated. 91 
Brinjal, 213 

British Admiralty Disinfectant test, 479 
Broad irrigation, 306 
Brucella abortus, 231 
melitensis, 231 
Buddeised milk, 233 
Buffallo ghee, 242 
gnat, 414 
milk, 230 
Buffers, 165 
Bugs, 428 

Building bye-laws, 159 
school, 615 
screening of, 512 
site, 145 

Burdwan fever, 519 
Burgandy, 249 
Burial, 328 


Burning, 327 

disinfection by, 472 
Bustee, 153 
land, 153 

Butter, 241 ^ 

milk, 24(r 
Byssinosis, 117 
Bythinia striatula, 442 

C 

Cabbage, 213 
Caisson disease, 378 
Calabar swellings, 451 
Calciferol, 170 
Calcium cyanide, 537 
Calcium salts 

in blood, 165 
in water, 39, 68 
Calorie, 174 

Campbell-Stokes sunshine recorder, 

395 

Candy filter, 57 
Canning, 176 
Carbohydrates, 163, 199 
Carbolic acid, 481 

coefficient, 479 
powder, 479 

Carbon, activated, 45, 60 

dioxide, 75, 86, 101, 544 
disulphide, 112, 436, 544^ 
monoxide, 101, 110, 544 
Carbonic acid, 75, 86, 101 
Carotene, 167 

Carriers, 403, 546, 549, 551, 561 
Carrots, 212 
Carry-over season, 536 

methods of dealing with, 536 
Cart, night-soil, 273 
receptacle. 272 
refuse, 258 
Caseinogen, 228 
Catabolism, 138 
Catadyn process, 44 
(.'auliflour, 213 
Celery, 213 
Cellular cloth, 350 
Census, 659 
Century closet, 283 
Ceratophvllus fasciatus, 427 
Cereals, 200 

effect on growth, 201 
on stone formation, 201 
Cerebrospinal fever, 585 
Certified milk, 235 
Cestodes, 444 
Chalk, 139 
Champagne, 249 
Channels of infection, 402 
Chapaties, 204 
Character, dominant, 333 
recessive, 333 
Charcoal, 45 
Cheese, 241 
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Chemical closet, 268 
disinfectants, 477 
requirements of, 478 
examination of water, 65 
purification of water, 39 
tests of drains, 294 
treatment of sewajj^e, 306 
Chemicals, preservation of food by, 177 

Chhana, 241 
Chicken-pox, 574 
Chicory, 245 
Chi^ger, 427 

Child guidance clinics, o55 

Child-welfare centre, 633 
Children, exclusion of, from school 


Chimney flue, 148 
Chironomidae, 417 
Chloramine, 59 
Chlorides in water, 66 
Chlorinated lime, 42, 485, 491, 555 
water, taste of, 59 
Chlorination of water, 42, 58, 555 
Chlorine, 42, 111,484 

electrolytic, 44, 485 


Chlorion, 44 
Chlorogen, 485 
Chloronoine, 58 
Chloropicrin, 485 
Chloros, 44, 485 
Chocolate, 246 
Cholera, 36, 143, 549 
aetiology, 550 
bacteriophage, 470, 557 
carriers, 551 
inoculation against, 553 
incidence of, 552 


'prevention of. 553 
transport of, 551 

Christopher’s method of spleen index. 


Chromosomes, 332 
Chrysops diinidiata, 420, 451 
siiacea, 420, 451 
Chunam, 148 
Cimex lectularius, 428 
Cisterns, flushing, 286 
Claret, 249 
Clark’s process, 39 
Class rooms, 617 
Clay, 132, 139 
pits, 141 
slate, 139 

Clayton disinfector, 484 
Cleanliness, 344 

of factories, 105 
personal. 346 
Clearing nut, 41 
Climate, 372 

and malaria, 508 
classification of, 381 
^old, 381 


Climate, conditions affecting, 372 
effects of vegetation on, 382 
in relation to health, 374 
marine, 382 
mountain, 381 
oceanic, 382 
temperate, 381 
warm, 381 

Clonorchis sinensis, 442 
Closed fires, 97 
Closet, century, 283 

chemical, 268, 645 
long hopper, 284 
pan. 284 

proper, 282 
short hopper, 283 
siphonic, 283 
trough. 284 
valve, 282 
wash-down, 283 
wash-out, 282 
water, 281 

Clostridium botulinum, 181, 221 
Clothing. 348 

di-infection of, 435, 490 
for children, 351 
materials for, 349 
Clouds, 398 

classification of, 398 
Coal gas, 76. 110 
mines, 112 

Coal-tar disinfectants, 480 
Cocoa, 246 
Cocoanut, 215 
soap, 482 
water, 247 

Coefficient of traction, 353 
of variation, 691 
I^ideal-VValker, 479 
Coffee, 245 

action of, 246 
preparation of, 245 
Cold bath, 345 
climate, 381 
effect on health, 375 
preserving food by, 177 
Collection of air sample, 100 
of water sample, 64, 69 
Colour blindness, 335 
Cols, 389 

Combined death-rate, 667 
Combustion, changes due to, 76 
Comma bacillus, 550 
Commode. 268 
Comparative mortality, 675 
Compost. 259 

Concurrent disinfection, 495 
Condensed milk, 239 
humanised, 239 
Condiments, 251 
Conduction, 97 
Cone of filtration, 20 
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Conorhinus, 429 
Conservancy, 262 
in fairs, 653 
in villages, 641 
Constant water supply, 3.0 
Constipation, 36, 343 
Constitution, 344 
Construction of houses, 145 
of huts, 153 

Consumptives, precautions for, 584 
Contact bed, 311 

infection, 403, 601 
Contagion, 399 
Contraceptives, 337, 664 
Control of filters, 50 
of malaria, 511 
Convection, 97 
Cooking, 175 

of fish, 226 
of meat, 221 
of potato, 211 
of rice, 206 
Cool room, 95, 98 
Cooling of air, 97 
of houses, 96 
Cool y lines, 145, 146 
Copper, 68 

sulphate, 42 
aceto-arsenite, 516 
Copperas, 307 
Corn-flour, 207 
Indian, 207 

Corrected death-rate, 668 
Correlation, 693 

coefficient, 694 
Corrosive sublimate, 480 
Cotton, 350 
Country rice, 205 
spirit, 249 
Cow-pox, 566 
Cowshed, 156 
Crab louse, 433 
Cremation, 327 
Creolin, 481 
Cresols, 480 
Critical velocity, 24 
Cross ventilation, 89, 149 
Crude birth-rate, 663 
death-rate, 664,666 
oil, 270, 275, 423, 516 
Ctenocephalus canis, 425 
Cubic space, determination of, 96 
Cucumber, 213 
Culex, 406 

characters of, 413 
Culicifuges, 512 
Cultivated soil, 139 
Cummerbund, 350 
Curd, 241 
Curdled milk, 240 
Cured rice, 205 
Current steam disinfector, 476 

45 


Cyanogas, 537 
Cyanogen chloride, 487 
Cyclonic system, 389 
Cyclops, 450 
Cyllin, 481 

Cysticercus cellulosse. 220, 221, 445 
D 

Dahi, 240 
Daily diet, 193 
Dairies, 158, 237 
Dais, 209 

Damp proof course, 147^ 
Dampness of soil, 140 
Dangerous diseases, 495 
Daniel I’s hygrometer. 394 
Dead, disposal of, 326, 646 
Death-rate, 064 

calculation of, 665 
combined, 668 
corrected, 668 

crude, 664 
index, 671 
recorded, 668 
sensitiveness, due to, 665 
special, 676 
specific, 666 
standardised, 668 
Decentralised storage system 

of water, 30 

Deep tube wells, 23 
wells, 19 

Deficiency diseases 183 
mental, 362 
Delinquency, 363 
Delta formation, 133 
Dense marls, 139 
Density of population7674 
Deodorants, 471 
Deratisation of ships, 494, 543 
Derived milks, 239 
Dermacentor venustus, 432 
Desks in schools, 617 
Destructor furnace, 260 
Determiner, 334 
Detritus chamber, 310 
Deviations, 685 
Dew point, 392 
Diarrhoea, 37, 144 
Dibothriocephalus latus, 225, 444 
Diet in India. 188 
daily, 193 
jail, 189 

standard, 195 i 

table of, 189, 195, 196, 197 
unbalanced, 183 
Dietaries, standard, 172 
calculation of, 175 
Diffusion, 90 
Digestibility of food, 173 
of meat, 222 
of milk, 234 
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Digestion chamber, 310 
Diminished pressure, effects on 
health, 377 

Diners hygrometer, 394 
Diphtheria, 560 
antitoxin, 562 
carriers, 561 
immunisation, 562 
prevention of, 561 
Schick reaction in, 560 
spread of, 561 

toxin-antitoxin injection of, 563 
Direct centrifugal floatation, 459 
infection, 403 
Diseases from soil, 142 
preventable, 498 
waterborne, general prophy- 
laxis of, 647 

Disinfectants, 471 
chemical, 477 
coal-tar, 480 
natural, 471 
physical, 472 
'^standardivsation of, 478 

by Admiralty method, 479 
requirements of, 478 
Disinfection, 471 

by air and sunlight, 471 
by boiling, 473 
by burning, 472 
by fumigation, 494 
by heat, 472 
by hot air, 472 
by spraying. 493 
by steam, 473 
by washing, 494 
concurrent, 495 
of clothing, 435, 490 
of excreta, 492 
of huts, 491 

of miscellaneous articles, 492 
of privy, 491 
of rooms, 491 
of ships, 493 

practical methods of, 490 
terminal, 495 

Disposal of the dead, 326, 646 
of human excreta, 262 
of night-soil, 273 
of night-soil and refuse, Indore 
method, 277 

of refuse, 258 
of sewage, 302 
of slop water, 279 
of sludge, 317 

Distomum hepaticum, 221, 442 
Distribution of water, 29 
Dogs, rabies in, 598 
Dolomite, 183 
Domestic filters, 61 
quarantine, 465 
sewage disposal, 644 


Dominant character, 333 
Domiciliary midvvifery, 634 
Doolies^ 463 
Doors, 149 

Double sash window, 91 
Dracontiasis, 403, 450 
Dracunculus medinensis, 450 
Drain, disinfection of, 491 
house, 288 ^ 

testing of, 293 
ventilation of, 289 

Drainage and malaria prevention, 515 
Dried flsh, 226 
milk, 240 
Drift soil, 130 
Drinking fountain, 616 
Drinks, fermented, 248 
non-fermented, 244 
Droplet infection, 73, 80, 87, 402, 560 
Dry air, hot, 472 

bulb temperature, 392 
Drying, preservation of food by, 176 
Duckering disinfection, 600 
Dumb rabies, 598 
Dumping, 258 
depots, 273 
septic tSlnk, 643 
Duration of life, 680 
Dust and bacteria, 79 
effects of, in air, 8J 
prevention of formation, 119 
of escape, 119 \ 

removal of, 119 ' ' 

Dust-bins, 257 
Dusty trades, 117 
Dwarf tapeworm, 446 
Dysentery, 548 

bacteriophage, 470 
carriers, 549 
prevention of, 549 

E 

Earth burial, 328 

temperature, 137 
Eating and dri)iking, 341 
houses, 158 

Echinococcus granulosus, 444 
Economic condition and 
epidemiology, 498 
and malaria, 508, 519 
Eggs, 327 

cornposition of, 227 
decomposed, 228 
digestibility of. 227 
preservation of. 227 
Egyptian chlorosis, 452 
splenomegaly, 439 
Electricity, atmospheric, 396 
Electrolytic chlorine, 44, 485 
Eledon, 240 
Elephantoid fever, 449 
Encephalitis, pos vacpnal, 5$9 
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Endemic, 400 
goitre, 186 
index, 510 

Enteric fever, 143, 545 

mode of infection, 546 
prevention, 547 
Enterobius verinicularis, 447 
Eritozoal diseases, 37 
Epidemic, 400 

diarrhoea, 144 

diseases, general preventive 
measures, 488 
dropsy, 206, 590, 592 
Epidemiology, 498 
Epizootic, 400 
Equifex disinfector, 475 
Ergosterol, 170 
Ethylene oxide, 544 
Eugenics, 336 

Society, policy ot, 339 
Eupatheometer, 84 
Eupatheoscopc, 84 
Euthanasia, 339 
Evaporated milk, 239 
Examination of air, 100 

of fieces for ova of hook worm. 

459 

of milk, 232, 238 
of ventilation, 95 
of water 64 
bacteriological, 68 
chemical, 65 
microscopical, 68 
physical, 65 
Excess of food, 182 

of lime method, 42 
Excreta, amount of, 263 
collection of, 272 . 
disadvantages of hand removal 
system, 275 

disinfection of, 492 
disposal of, 262, 273 
during fairs, 653 
in villages, 641 
Exercise, 351 

amount of, 353 
effects of, 352 
rules for, 354 
Expectation of life, 680 
table of, 680 

Expired air, composition, 92 
Extraction system of ventilation, 92 
Extractives 217 
Extravert, 367 

F 

Faecal bacilli count, 70 
Faeces, exaniination of hookworm ova 
from, 459 

Factories Act, Indian, 121 
accidents in, 103 
cleanliness of, 105 


Factories, hours of work, 103 
humidity in, 105 
inspection of, 103 
lighting of, 104 
ventilation of, 104 
Fairs, sanitation of, 649 
Falling birth-rate, causes of, 664 
Fans, 92 

centrifugal, 93 
propeller, 93 
Fasciola hepatica, 442 
Fasciolopsis buskii, 440 
Fasting, 343 
Fats, 163, 217 
Fat fish, 224 

melting, 116 
vegetable, 199 
Fellmongoring, 116 
Felspar, 131 
Fermented bread, 203 
drinks, 248 
Filaria, 448 

bancrofti, 448 
diurna, 451 
effects of. 449 
medinensis, 450 
prophylaxis, 451 
volvulus, 451 
Filled soil, 139^.-- 
Filter beds, 47 

Berkefeld, 61 
Candy, 57 
control of, 50 
domestic, 61 
four ghurra, 62 
gravity, 52 
Jewell, 57 
mechanical, 52 
Pasteur-Chamberland, 61 
Paterson, 53 
percolating, 311 
pressure, o2 
rapid, 52 
slow sand, 46 
streaming, 311 
Filtration, 46 
head, 50 

intermittent downward, 305 
rate of, 50 
Fire, closed, 97 
damp, 113 
disinfection by, 472 
open, 93 
places, 97 
Fish, 224 

and leprosy, 602 
cooking of, 226 
dried, 226 
fat. 224 

inspection of, 225 
larvicidal, 517 
lean, 224 
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Fish poisoning, 235 
sea, 234 
shell, 335 
tinned, 336 
Fixed latrines, 269 
Flap trap, 391 
Flat roof, 149 
Flavour fruits, 213 
Fleas, 424 

diseases carried by, 405 
rat, 426, 531 
protection against, 428 
sand, 437 
F'loor, 148 
Flour, 202 
Flukes, 438 
Fluorescein, 20 
Flush tanks, 298 
Flushing apparatus, 286 
of sewers, 298 
Fly, 418 

biting, 420 

diseases carried by, 405 
house, 418 
mangrove, 451 
paper, 424 

protection against, 422 

stable, 420 
trap, 424 
tsetse, 421 
Fomites, 399 
Food, 162 

absorbability of, 174 
Adulteration Act, 254 
allergy, 178 
and drugs, sale of, 253 
“and physical development, 190 
animal, 317 
chemical value of, 173 
classification of, 163 
composition of, 163 
cooking of, 175 
deficiency of, 183 
digestibility of, 173 
diseases connected with, 178 
excess of, 183 
fruits. 313 
fuel value of, 174 
poisoning, 178 
investigation of, 181 
preservation of, 1 75 
protection of, in cholera, 556 
quantity required, 173 
rel,4tive value of, 173 
supply in fairs, 654 
time for taking, 174 
vegetable, 199 
Foot and mouth disease* 331 
Foot rests. 364, 384 
"Force, 304 
Formaldehyde, 485 
Formalin, 486 


Formalin spray, 486 
Fortin’s barometer, 386 
Foundation of houses, 147 
Four ghurra filter, 62 
F'ragilitas ossium, 108 
French pox, 605 
Frequency curve, 687 
Freud’s theory of mind, 365 
Fuel value of food, 174 
Fruits and nuts, 213 
Fumigation, 494 

as mosquito repellents, 514 
Fur dermatitis, 349 

G 

Gambusia, 517 
Game, 223 
Gametocytes, 507 
Gas gangrene, 144 

stoves, 97 )/^ 

Gases effects of, in air, 82 
Gastrodiscoides Im minis, 441 
Gauge, rain, 397 
Gaussian curve, 687 
Gene, 333 

Geometrical progression, estimation 
of population by, 661 
Germicides, 41, 471 
Ghee, 242 

adulteration of, 343 
buffalo, 343 
cow’s, 343 
standard for, 256 
tests of, 343 
vegetable, 199, 243 
Ghol,240 

Giardia intestinalis, 548 
Gin, 349 
Glossina, 431 
Gluten, 202 

Glycerinated calf lymph, 572 
Gnats, 405 
Gneiss, 131 
Goat flesh, 223 
milk, 230 

Goitre, 36, 183, 186 
Gonorrhoea, 606 

prophylaxis against, 609 
Graded milk, 235 
Grain whisky, 248 
and plague, 540 
Granite, l5l, 139 
Grapes, 314 
Gravels, 139 
Gravity Jewell filter, 57 
Green sands, 133 
tea, 345 
vegetables 213 
Grit chamber, 310 
Ground, air, 136 
itch, 455 
sore, 455 
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Ground, trenching, 373 
water, 16 

Growth promoting vitamin, 167 
Guinea worm, 37, 403, 450 
Gully trap, 393 
Gut scraping, 116 
Gypsum, 133 

H 

Habit, 340 
Haemophilia, 335 
Haffkine’s plague vaccine, 544 
Haldane’s method, 101 
Haloivah. 204 

Hand removal system, disad- 
vantages of, 379 
Haplochilus, 517 
Hardness of water, 39, 66 
Head louse, 433 
Health Officers, duties of, 697 
instructions for, 696 
visitors, 628 

Heat, disinfection by, 473 
distribution of, 96 
dry, 473 

effect on health, 375 
moist, 473 

preservation of food by, 176 
Heating of houses, 96 
Hedjaz pilgrimage, sanitation of, 656 
Height of rooms, 149 
Heredity, 333, 361 

Mendel’s law of, 333 
Herd immunity, 469 
Heterozygous, 334 
Hexuronic acid, 169 
Hocks, 349 

Home isolation, 462 , 
made rice, 305 
Homogenized milk, 239 
Homozygous, 334 
Honey, 216 
Hooka ^ 341 
Hookworm, 453 
carriers, 457 
detection of ova, 459 
identification of, 456 
incidence of, 456 
isolation of larvie, 459 
mode of infection, 454 
prevention, 457 
source of infection, 453 
symptoms, 455 
varieties of, 453 
Horneblende, 133, 133 
Horse flies, 422 
Hospital, isolation, 463 
temporary, 6»53 
Hostel school, 619 
Hot air, 473 

heating by, 97 
iron, for delousing, 435 


Hot spring, 17 
Hours of work, 103 
House, construction of, 145 
drain, 381, 288 

ventilation of, 389 
flies, 418 

foundation of, 147 
Houses and buildings, 145 
back to back, 146 
site of, 145 

Housing accommodation in 

villages, 638 

problem, 152 
Human intercourse 

and epidemiology, 503 
Humanised condensed milk, 339 
Humidity, 76, 105, 391..^ ^ / 
absolute, 391 
effects on health, 376 
relative, 392 
Humus, 259 

Huts, construction of, 153, 639 
disinfection of, 491 
Hvalomma aegvptiim, 433 
Hycol, 481 

Hydrocyanic acid gas, 435, 487, 544 
Hydrocarbons, 163 
Hydrogen-ion concentration 

of water, 65 

Hydrophobia, 594 
Hydrostatic test for drains, 393 
Hygiene, industrial, 102 
mental, 355, 360 
occupational, 103 
personal, 331 
Hygrometer, 394 
Daniell’s, 394 
Dine’s, 394 

Hymenolepis nana, 446 

1 

Idiosyncrasy, 344 
Immunity, 399, 465 
acquired. 467 
active, 467 

after vaccination, 570 
artificial, 467 
herd, 469 
individual, 467 
in diphtheria, 563 
in malaria, 504 
in measles, 576 
in yellow fever, 534 
local, 469 
mass, 469 
natural, 466 
passive, 468 
racial, 467 
species, 466 
Impurities of air, 74 
of water, 31 
Incineration, 360 
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Incineration of night-soil, 275, 643 
of refuse, 260 
Incinerators, 260 

Beehive, 643, 654 
conditions necessary, 276 
Horsfall, 261 
Meldriim, 276 

Increased pressure, effects of, 378 
Incubation, 400 
Index, A. C. H., 184 
death-rate, 671 
Indian corn, 207 

factories act, 121 
Indirect infection, 403 
Individual immunity, 467 
Industrial accidents, 103 
gases and fumes, 109 
hygiene, 102 
impurities of air, 81 
poisons, 106 

Infant mortality, 624, 673 
welfare centre, 632 
Infection, 399 

carriers of, 403 
channels of, 402 
"^contact, 403 
direct, 403 

droplet, 73, 80, 87, 402, 560 
indirect, 403 
modes of, 403 
restraint of, 460 
sources of, 400 

Infectious disease, investigation 

of, 487 

jaundice, 558 
Influenza, 587 
Ingestion infection, 402 
Inhalation infection, 402 
Inlets, 90 

Inoculation, against small-pox, 566 
anticholera, 553 
antiplague, 544 
antityphoid, 547 
infection, 402 
Insecticides, 435 
Insects, 404 

characters of, 405 
diseases carried by, 405 
Inspection chamber, 289 
of animals, 218 
of factories, 103 
of fish, 225 
of meat, 219 
of sc^^ool children, 613 
of sewers, 298 

Instruction to vaccinators, 568 
Intercepting trap, 290 
Intermittent downward filtration, 305 
spring, 17 
supply of water, 30 
International health relationships 

of India, 12 


International quarantine, 464 

Sanitary Conventions, 12, 464 
557, 65'> 

Intestinal anthrax, 599 
fluke, 440, 441 
schistosomiasis, 439 
Introvert, 367 
Inward quarantine, 464 
Iodine, 42, 166, 186 
Irrigation and malaria, 509, 515 
broad, 306 
of soil, 142 . 

Iron, 36,68, 165 

perchloride, 41 
sulphate, 307 
Isobars, 389 
Isolation, 462 
home, 462 
hospital, 463 
of hookworm larvie, 459 
private, 462 
Isothermal lines, 384 
Izal, 481 

J 

Japanese Kiver fever, 530 
Jennerand vaccination, 566 
Jenning’s century closet, 283 
Jewell filter, 57 
Joar, 207 
Job, 207 

K 

Kala-azar, 51 9 

prevention of, 521 
transmission of, 520 

Kaolin, 133 

Katastasis, 498 
Kata-thermometer, 83 
Katayama disease, 439 
Kedani fever, 432 
Keeping of animals, 114 
Kefir. 241 

Keratomalacia. 166 
Kerosene oil, 435, 516 
emulsion, 545 
Khesari dal, 209 
Khichri, 206 
Khilat. 241 
Khir, 234 
Khus-Khus, 98 
Kitchen, 149 
Koumiss, 241 
Kromayer lamp, 380 
Kumbh Mela, 654 
Kurchi-bismuth-iodide, 549 

L 

Lactalbumin, 228 
Lady’s finger, 213 
Larvicidal fish, 517 
Larvicides, 516 ' 



INDEX 


711 


Laterite, 130, 132 
Lathyriasis, 209 
latrine, 263 

bored-hole, 266, 642 
collecting chamber, 264 
fixed, 269 
floor of, 264 
model, 264 
movable, 271 
permanent, 269 
pit, 265 
public, 269 
receptacle, 268 
roof of, 264 
seat of, 264 
septic tank, 308 
temporary, 271, 654 
trench, 268, 642, 653 
village, 642 
well. 265 
Lausin. 435 
Lava, 132 
Lazaretto, 465 
Lead, 68, 106 

action on water, 35 
tetraethyl, 106 
Lean fish, 224 
Leather, 350 

dresser, 116 

Lelcan’s disinfector, 476 
Lemon, 253 
Leprosy, 601 

prevention of, 603 
Leptospirosis, 558 
Lice, 432 

diseavses carried by, 405, 434 
dissemination of, 434 
prevention of, 434 
Lichen tropicus, 346 
Liernur’s pneumatic system, 301 
Life-table, 677 

preparation of, 678 
Life, expectation of, 677, 680 
Lighting of factories, 104 
Lime, 41,68, 307, 479 

chlorinated, 42, 485, 555 
juice, 216 
milk of, 480, 492 
stone, 139 
Linen, 350 
Liqueurs, 249 

Liquid sulphur dioxide, 484 
Liquor cresolis saponatus, 482 
Liver, 224 

flukes, 442 
rot, 442 

Loa loa, 420, 451 
Local immunity, 469 
Lodging houses, 153, 651 
Long hopper closet, 284 
Louse relapsing fever, 527 
Louvres, 91 


Lung fluke, 443 
Lysol, 482 

M 

Macaroni, 204 
Made soil, 136, 139 
Maggots, 419 
Magnesian limestone, 139 
Mahaman , 532 
Mania, 202 
Main springs, 17 
Maize, 207 
Makkai, 207 
Malaria, 503 

ietiology of, 507 

anopheline factor, 508 

climate and, 508 

distribution of. 503 

economic conditions and, 508,519 

forecasts, 519 

immunity in, 504 

importance of, 503 

incidence of, 503 

investigation of, 511 

irrigation and, 509, 515 

man-made, 510 

measurement of, 510 

mosquito cycle of parasites, 506 

parasites of, 505 

prevention of, 511 

protection against in villages, 646^ 

quinine in, 517 

rice cultivation and. 509 

source of infection, 507 

survey, 510 

Malignant tedenia, 144 
pustule, 599 
tertian parasite, 505 
Malt, 207 

liquor, 248 
whisky, 248 
Malta fever, 231,402 
Malted milk, 239 
Malthus on population, 664 
Mango, 215 
Mangrove fly, 451 
Man-made malaria, 510 
Mann and cleanliness, 347 
and Eugenics, 339 
and Heredity. 334 
Margarine, 242 
Marine climate, 382 
Mannite, 169 

Marriage custom and birtji-rates, 663, 
Mass education, 638 
immunity, 469 
Maternal death-rate. 625 
Maternity and Child Welfare, 624 
scheme, 627 

Maximum thermometer, 384 
McKinell’s ventilator, 92 
Mean, 684 
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Measles, 575 

Measurement of malaria, 510 
Meat, 217 

characters of, 219 
common forms of, 222 
cooking of, 221 
digestibility of, 222 
diseases due to, 220 
inspection of, 219 
tinned, 226 
Mechanical filters, 52 
Median, 685 

Medical arrangement in fairs, 652 
inspection of schools, 610 

scope and nature of, 612 
'^Inspector, duties of, 613 
officers, duties of, 697 
Melas, 649 

Meldrum destructor, 276 
Mendel’s law of heredity, 333 
Mental activity, 365 
deficiency. 362 
disease, 335, 362 
disorder, 360 
causes, 361 
types, 362 

health, criteria of, 368 
hygiene, 355 
preventive, 369 
Mercurial barometer, 386 
Mercuric iodide, 480 
Mercury, 107 

perchloride of, 480 
vapour lamp, 380 
Merozoites, 506 
Metal fume fever, 109 
Metamorphic rocks, 138 
Meteorology, 382 
Mica, 131 

Microfilaria bancrofti, 448 
Microscopical examination of water, 68 
Mid-day sleep, 343 
Mid-feather trap. 291 
Midges, 417 

Midwifery service, provision of, 634 
Milk, 228 

accredited, 236 
adulteration of, 232 
and Dairy order, 236 
bacteriological examination of, 
238 

buddeised, 233 
butter, 240 
certified, 235 
composition of, 228 
condensed, 239 
curdled, 240 
derived, 339 
digestibility of, 234 
diseases due to, 230 
dried, 233, 240 
effects of heat on, 234 


Milk, electrical treatment of, 233 
enzymes in, 229 
epidemics, due to, 331 
evaporated, 239' 
examination of, 232 
goat, 230 
graded, 235 
homogenised, 239 
humanised, 239 
malted, 239 
of lime, 480, 492 
pasteurisation of, 233 
preparations of, 240 
preservation of, 333 
regulations, 237 
skimmed, 229, 239 
supply, improvement of, 236 
vitamins in, 229 
Millets, 207 
Mills, 120 
Mineral salts, 164 
water, 244 
Miner’s aiuemia, 452 
nystagmus, 112 
Mines, coal, 112 

ventilation of, 113 
Minimum thermometer, 384 
Minnows, 517 
Minus desk, 618 
Miracidium, 439 

Miscellaneous articles, disinfection of, 

492 

Modes of transmission, 403 
Moist heat, 473 
Moloney test, 563 
Monsoon proper, 391 
retreating, 391 
Mortality, infantile, 624. 673 
and occupation, 675 
Mosquito, 405 
boots, 512 

breeding places of, 412 
cycle of malaria parasite, 507 
destruction of, 513 
development of, 406 
diseases carried by, 405 
habits of, 410 
malaria carrying. 413 
net, 512 

proof houses, 512 
protection against. 512 
range of flight, 411 
repellents, 512 
traps, 513 
varieties, 406 

Mothers, protection of, 628 
Mountain climates, 381 
sickness, 377 
Movable latrines, 271 
Movement of wind, 389 
Mumps, 584 
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Municipal Acts, 

Mustard, 253 
oil, 252 
Mutton, 223 
Mutation, 334 


71,129,159, 253, 320, 
329, 495 


N 

Naphthalene. 435 
Natural disinfectants, 471 
immunity, 468 
^purification of water, 37 
~^ventiIation, 89 
Necator americanus, 453 
Neermali, 41 
Ne^ri bodies, 598 
Nematodes, 446 
Nesfield’s tablets, 42 
Night blindness, 167 
Night-soil buckets, 272 
carts, 273 
collection of, 272 
disposal of, 273 
during fairs, 654 
in villages, 643 
dumping depot, 273 
incineration of, 275 
trenching of, 273 
Nitrates, 67 
Nitrites, 66 

Non-fermented drinks, 244 
Normal curve, 687 
Norton’s tube wells, 19 
Notification, 460 

advantages of, 461 
Nut 213 

clearing. 41 
soap, 347 

Nutritional cedeina, 183 
Nystagmus, 112 

O 

Oats, 207 

Obstructed drainage, 141 
Occupational hygiene, 102 
Occupation and mortality, 675 
Oceanic climate, 382 
Offensive trades, 102, 113 
011,199 

as larvicide, 516 
batch, 253 
bloomless, 253 
crude. 270, 275, 423,516 
mills, 120 
inohua, 253 
mustard. 252 
pakra, 253 
poppy seed, 253 
sesame , 253 
Jil, 253 
vegetable, 199 
Oligodynamic action, 44 


Onchocerca volvulus, 457 
Onions, 211 
Open air privy, 267 
fireplaces. 97 
fire with flue, 93 
space in houses, 150 
Oranges, 215 

Organic poisons in air, 75 
Ornithodorus inoubata, 432 
Osteomalacia, 146, 166, 379 
Outercasing well, 25 
Outfall sewer, 300 
Outlets, 92 

Outward quarantine, 464 

Ova of ancvlostoma, examination of, 

459 

Overcrowding, 151, 489 
Owl-midge, 414 
Oxygen in air. 73, 74 
in soil, 136 

Oxyuris verinicularis, 447 
Ozone, 45 ^ 

atmospheric, 395 

P 

Pakra oil, 253 
Pan closet, 284 
Pancho system, 509 
Pandemic, 400 
Paniphal, 215 
Papaya, 215 
Paper making, 117 
Paraform tablets, 486 
Paragonimus ringeri. 443 
westermanii, 443 
Paralytic rabies, 598 
Parasites, animal, 144, 437 
Parasite index, 510 
Paratyphoid fever, 231, 545 
Parboiled rice, 205, 590 
Paris green, 436, 516 
Parotitis, infectious, 584 
Passive immunity, 468 
Pasteurisation, 233 
Pasteur-Chamberland filter, 61 
Pasteur treatment of rabies, 596 
Patent barley, 207 
Paterson’s filter. 53 
Pearl barley, 207 
Pediculus capitis. 432 
corporis, 432 
Pellagra, 171, 184 

preventive vitamin, 171 
Perchloride of mercury, 480 § 
of iron, 41 

Percolating sewage filter, 311 
Perflation, 89 
Perforated bricks, 91 
Period, incubation, 400 
Permanent hardness, 39, 66 
Permanent latrines, 269 ' 

Permutit process, 39 
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Personal cleanliness, 346 
hygiene, 331 
Pesterine, 545 
Petrol, 435 
Petroleum, 436 
Pettenkoffer’s method, 101 
Phenol, 481 
Phenyl, 481 
Phlebotomus, 415 
Phosgene, 544 
Phosphorus, 107 
Phthirus pubis, 432 
Phthisis, 144, 577 
Phylacogen, 468 
Physical disinfectants, 472 

examination of water, 65 
Pickling, 177 
Pig, 223 
Piku,517 
Pineapple, 215 
Pipsa fly, 415 
Pit latrine, 265 
Plague, 532 

and grain. 540 
and rat, 535 
Commission, Indian, 
conclusions of, 535 
means of spread, 535 
modes of entry, 533 
prevention of, 538 
^'^ seasonal prevalence of, 538 
transmission of, 426 
Plantain, 214 
meal, 214 
Plasmochin, 518 
Plasmodium, 505 
Plenum system of ventilation, 94 
Plumbism, 35 
Plus desk, 618 

Pneumatic system of sewage removal, 

300 

test for drains, 294 
Pneumonic plague, 535 
Pneurnonoconiosis. 117 
Poisons, industrial, 106 
rat, 542 
Pollard, 202 
Pollution of wells, 20 
Ponds, 26 

Population, density of, 674 
estimation of, 660 

by arithmetic progression, 661 
by geometrical progression, 661 
port wilfie, 249 
Post-natal, 628 

Post vaccinal encephalitis, 569 
Pot barley, 207 
method, 483 

Potassium permanganate, 41,60, 482, 

556 

Potato, 211 • 

cooking of, 211 


Potato, sweet, 211 
Pouchet’s aeroscope, 100 
Poudrette, 301 
Poultry, 223 

keeping of, 114 
Predisposition, 399 
Premunition, 466 
Preservation of eggs, 227 
of food, 175 
of milk, 233 

Pressure, atmospheric, 385 

effect on health, 399 
Preventable diseases, 498 
Prickly heat, 346 
Primary Education Bill, 638 

Privy, i50, 263 % 

anti polo. 319 ^ 

aqua, 319 

collecting chamber, 264 
construction of, 264 
disinfection of, 491 
floor of, 264 
open air, 267 
pit, 265 
roof of, 264 
seat (\f. 264 
walls of, 264 
Probable error, 689 
life time, 680 
Propeller fan, 93 

Propulsion system of ventilation, 94 
Proteins, 162 

animal, 217 
vegetable, 199 
Psychiatric school, 364 
Psychoanalytical school, 364 
Psychological school, 368 
theories, 364 
Psychoneuroses, 363^X' 

Psychoses, 362 
Psychrometer, 395 
Ptomaine poisoning, 179 
Pubic louse, 432 
Public Health Administration, 3 
in India, 7 
latrine, 269 
Pulex irritans, 425 
Pulicidae, 424 
Pulses, 208 

composition of. 209 
Pupils, method of inspecting, 613 
Purification of air, 95 
of sewage, 305 
of water. 37 

artificial, 38 
natural, 37 

Pyorrhoea alveolaris, 346 
Pyrethrum, 436 
Pyrites, 133 

Q 

Quantum theory, 499 
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Quarantine, 464 
domestic, 465 
international, 464 
inward, 464 
objections to, 465 
outward, 464 
scholastic, 465 
Quartan malaria, 505 
Quartz, 131 

lamp, 472 

Quinine in malaria, 517 
R 

Rabies, 594 

diagnosis in clogs, 598 
prevention of, 596 
seat of virus, 595 
Racial immunity, 467 
Radiation, 97 
Radish, 211 
Rainfall, 396 

and epidemiology, 50^ 
and hookworm infection, 456 
and malaria, 509 
Rain gauge, 16, 397 
water, 15 
disposal of, 150 
separator, 16 
Rangoon rice, 205 
Rapid filters, 52 

advantages, of, 56 
defects of, 56 
varieties of, 55,57 
working of, 52 
Rat, the, 535 

campaign against, 539 
destruction, 542 
elimination, 539 
poison, 542 
traps, 542 
Rat-flea, 426 
Ravine, 135 
Receptacle cart. 272 
latrine, 268 

Recessive character, 333 
Reek’s disinfector, 475 
Red rice, 205 
Refuse, collection of, 257 
disposal of, 150, 258 
in villages, 642 
during fairs. 654 
dumping of, 258 
incineration of, 260 
Regur, 130 
Reh, 130 

Reichert-Wollny process, 242 
Relapsing fever. 432. 434, 526 
Relative humidity, 392 
Religious festivals, sanitation of, 649 
Reserved tanks, 556, 641 
Residential quarters, 152 
Residual soil, 130 


Respiration, changes due to, 74 
Restriant of infection, 460 
Retentive soils, 140 
Retreating monsoon, 391 
Rhipicephalus sanguineus, 432 
Rice, 204 

and beriberi, 184, 590 
composition of, 205 , ^ 

cooking of, 205^^'" ^ 

cultivation and malaria, 509 
diseased, 206 
mills, 120 
varieties of, 205 
Rickets, 146, 184, 379 
Rickettsia bodies, 529 
Rideal-Walker test, 479 
Rivers, 28 

and cholera, 551 
Rocky mountain fever, 529 
Roofs, 149 
Room, class, 617 
cooling of, 97 
disinfection of, 491 
examination of, 95 
Roots and tubers, 210 
Round worm, 446 
Rum, 249 
Rusks, 204 

S 

Sack disinfector, 476 
Saddle back, 135 ' 

Sago, 212 ' 

Salmonella food poisoning, 179 
Salting, preservation of food by, 177 
Sand, 139 

Alters, 46 
flea, 427 
pits, 141 
silver coated, 48 
Sandfly, 414 

diseases carried by, 405 
protection against, 417 
Sandstones, 139 

Sanitary Conventions, 12,464, 557, 656 
conveniences in school. 615 
inspectors, duties of, 699 
Sanitation of fairs, 649 
of villages, 637 
Sarcopsylla penetrans, 427 
Saturated steam, 473 
Scarlet fever, 231 
Scavenging, 257 
Schick control, 560 
reaction, 560 
Schists, 133 

Schistosoma haematobium, 438 
cercaria stage of, 439 
characters of, 440 
eggs of, 438 
japonicum, 439 
characters of, 440 
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Schistosoma mansoni, 439 
characters of, 440 
miracidium, 439 
prophylaxis against, 440 
Schizogony, 505 
Schizomycetes, 401 
Scholastic quarantine, 465 
School building, 615 

class rooms in, 617 
closure of, 465, 588 
hostel, 619 

Inspectors, duties of, 613 
medical inspection of, 610 
sanitary convenienccft in, 615 
seats and desks in, 617 
ventilation of, 619 
water supply in, 616 
Scotch barley, 207 
Scurvy, 184 

Season and epidemiology, 502 
Seats and Desks, 617 

size of, for children, 618 
Segregation, 463 

as birth control, 338 
Semolina, 204 
Separate system of sewage 

removal, 295 

advantages of, 295 
disadvantages of, 297 
Septic-tank, 309 

and hookworm infection, 458 
effluent, characters of, 320 
latrines, 309 
requirements of, 314 
Serbian barrel, 435, 477 
Serum, convalescent, 575,576 
Settling tank, 46 
Sewage, 280 

bacteria in water, 69 
biological treatment of, 307 
chemical treatment of, 306 
Composition of, 302 
disposal of, 302 
by dilution, 303 
by purification, 305 
domestic method of, 644 
effluents, characters of, 320 
farming, 306 

merits of different methods, 319 
purification, 305 

removal, pneumatic system of, 300 
Sewer, 295 
air, 81 

cleansing of, 298 
construction of, 297 
disadvantages of, 300 
flushing of, 298 
inspection of, 298 
outfall, 300 
ventilation of, 299 

Sexual cycle of malaria parasite, 506 
Shallow wells, 18 


Shell fish, 225 
Sherbets, 247 
Sherringham’s valve, 92 
Sherry, 249 

Ships, disinfection of, 493 
Shoes, 351 
Shone system, 300 
Short-hopper closet, 283 
Shredded wheat, 204 
Siderosis, 117 
Silicosis, 117 
Silk, 350 

artificial, 350 
Simplex process, 317 
Simulium, 414 

damnosum, 415, 452 
Sinks, 294 

Sinlon’s fowl-cell method, 511 
Siphon action, 292 
trap, 291 

Siphonic-closet, 283 
Sitakoond spring, 17 
Six’s thermometer, 384 
Skimmed milk, 239 
Skin, 346 --- ; 

Slaughter-houses, 114 
Slaughtering of animals, 114 
Sleep, 342 

Sleeping-sickness, 521 

mode of transmission , 521 
prevention, 522 
Sling psychrometer, 394 
Slop-water, disposal of, 150, 279, 645 
Sloping roof, 149 
Sludge, activated, 314 
digestion, 317 
disposal, 317 
Small-pox, 564 

infectivity of. 565 
inoculation and, 566 
prevention of, 566 
transmission of, 565 
vaccination, 566 
Smoke, 77 

prevention, 78 
test for drains, 293 
Smoking, 341 

as food preservative, 176/ 
Soap, 345,, 482 
boiling, 116 
cocoanut, 482 
hard, 345 
nut, 347 
,soft, 345 
Socks, 350 
Soft sore, 604 
Softening of water, 39 
Soil, 130 
air, 136 

alluvial, 130, 139 

and epidemiolO|?y, 501 

and hookworm infection, 456 
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Soil, bacteria, 138 

black cotton, 130 
composition of, 135 
cultivated, 139 
dampness of, 140 
diseases from, 142 
drift, 130 
filled, 139 
jgeology of, 130 
irrigation of, 142 
isolation of hookworm larva 
from, 459 

made, 136, 139 
residual, 130 
retentive, 140 
surface, 130 
temperature, 137 
varieties of, 139 
water, 137 
Soil-pipes, 287 

testing of, 293 
ventilation of, 289 
Solar radiation thermometer, 385 
Sooji, 202, 204 
Sour milk, 240 
Sources of infection, 403 
Soya bean, 210 
Special death-rates, 676 
Specie^ immunity, 466 
Specific death-rate, 665 
Spill areas, 134 
Spirits, 248 

3pirochseta duttoni, 528 
lecurrentis, 527 
Spirochaetal jaundice, 558 
Splenic index, 510 
Sporadic, 400 
Sporogony, 505 
Sporozoite index, 511 
Spot maps, 488 
Spraying, 493 
Sprays, 514 
Springs, 16 

varieties of, 17 
yield of, 18 
Squared deviation, 686 
Squatting plate, 285 
Stables, 156 
Stable fly, 420 
Standardised death-rate, 668 
Standard deviation, 685 
dietaries, 172 
million population, 669 
Starch, 199 

examination of, 212 
statistical methods, 682 
Steam, 473 

current, 473 
disinfecting station, 474 
saturated, 473 
superheated, 474 
Steam jets, ventilation by» U 


Stegomyia, 16, 406 
Step well, 451, 639 
Sterilisation as birth control, 338 
of water by heat, 38 
Still-birth, 664 ‘ 

Stockings, 350 
Stomoxys, 420 
Storage of water, 29 
decentralised, 30 
Stoves, 97 
Strainer, 25 
Streaming filter, 311 
Streams, 28 

training of, 515 
Strychnos potatorum, 41 
Subsoil, 130 

drains as malaria preventive, 515 
water, 16, 137 
Sugar, 216 
Sullage, 280 
Sulphur, 435 

candles, 484 
dioxide, liquid, 484 
fumigation, 483, 494 
Sulphuretted, hydrogen. 111 
Sulphurous acid, 482 
Summer diarrhoea, 144 
Sunlight , 379, 489 

as germicide, 471 
effects on health, 379 
Sunshine, 395 

recorder, 395 
Superchlorination, 60 
Superheated steam, 474 
Surface aeration process, 316 
springs, 17 
Swatters, 513 
Sweet potato, 211 
whey, 241 
Synoptic map, 389 
Syphilis, 335,605 

and Heredity, 335 
prophylaxis against, 609 
Swimming baths, 62 

T 

Tahanidae, 422 
Table, Glaisher’s, 393 
life, 677 

Taenia saginata, 221, 444 
solium, 221, 223, 444 
Talc, 133 

Tallow melting, 116 
Tangle foot, 424 
Tanks, 26 

in villages, 689 
reservation of, 556, 641 
septic, 309 
settling, 46 
Tanneries, 117 
Tapeworm, 444 
dwarf, 446 
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Tapioca, 

Tarabagan flea, 537 
Tea, 344 

action of , 346 
composition of, 345 
preparation of, 345 
shops, 158 

Temperate climate, 381 
Temperature, 383 

effects on health, 375 
of soil, 137 

Temporary hardness, 39, 66 
hospital, 653 
latrines, 371, 654 
Terminal disinfection, 495 
Terrestrial thermometer, 385 
Testing of drains, 393 
Tetanus, 144 
Thermal springs, 17 
Thermantidotes, 98 
Thermometer, 384 
kata, 83 
maximum, 384 
minimum, 384 
liix’s, 384 
solar radiation, 385 
terrestrial, 385* 

Thread worms, 447 
Thresh Steam Disinfector, 476 
Tick relapsing fever, 538 
Ticks, 430 

destruction of, 433 
diseases carried by, 405 
Tinned meat and fish, 336 
Tobin’s tube, 91 
Toddy, 349 
Toe itch, 455 
Tolerance, 465 
Tomatoes, 169, 313 
Top-minnows, 517 
Total colony count, 69 
Total hardness, 66 
Trade winds, 389 
Trades, dusty, 117 

offensive, 103, 113 
Transmission, modes of, 402 
Trapping of rats, 543 
\rap rocks, 139 
Traps, 391 
bell, 391 
flap, 391 
fly, 434 
gully, 393 
intercepting, 390 
mid-feather, 391 
position of, 391 
rat, 543 
siphon, 391 
siphoning of, 393 
varieties of, 391 
Travel and epidemiology, 503 
Travelling dispensaries, 647 


Treniatodes, 438 
rrench fever, 434 

latrine, 368, 643 653 
Trenching, common defects of, 375 
ground, 373 

laying of, 274 
management of, 274 
Triatoma megista, 429 
Trichinella spiralis, 320, 231, 437 
Tronibicula akamushi, 433 
Trophozoites, 505 
Tropical chlorosis, 453 
neurasthenia, 375 
Trough closets, 384 
Trypanosoma evansi, 420 
gambiense, 423 
rhodesiense, 422 
Trypanosomiasis, 531 
Tryparsamide, 533 
Tsetse fly, 432, 532 

diseases carried by, 405, 422 
Tsutsugainushi disease, 432, 530 
Tube- we 11s, 19, 23 
closed, 24 

cone of influence, 24 
construction of, 24 
critical velocity, 24 
deep, 23 
Norton’s, 19 

Tuberculosis, 335, 380, 577 
and heredity. 335, 578^ 
in animals, 221 
inodes of infection, 579 
prevention of, 581 
sanatoria, 582 
Tubers, 210 
Tunga penetrans, 427 
Tun-tun, 452 
Tunnel disease, 453 
Turmeric, 253 
Turnips, 311 
Typhoid fever, 37, 545 
Typhus fever, 405, 434, 539 

U 

Ultra-violet rays, 45, 379, 472 
Unbalanced diet, 183 
Undulant fever, 331 
Unfermented bread, 303 
Upland surface water, 26 
Urinals, 371, 394, 616, 654 

V 

Vaccination, 566 

age of, 569 > 

complications of, 569 ^ 

duration of protection, 566 
phenomena of, 570 
scar, influence of, 566 
Vaccinators, instructions to, 568 
Vaccine, 467 

etherised, for rabies, 597 
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Vaccine lymph, preparation of, 571 

Vaccinia, 566 

Vacuum cleaner, 8^, 105 

system of ventilation, 92 
thermometer, 385 
Vagabond’s disease, 434 
Valve closet, 282 
Vapour tension, table of, 393 
Varicella, 574 
Varieties of soil, 139 
Variola, 564 

minor, 564 
Variolation, 566 
Veal, 223 
Vectors, 399 
Vegetable acids, 164 
fat, 199 
'food, 199 
ghee, 199, 243 
green, 212 
proteins, 199 

Vegetation, effects on climate, 382 
Venereal diseases, 604 

source of infection, 606, 607 
control of, 607 
Ventilation, 85 

amount of air required, 86 
artificial, 92 
balanced system, 95 
cross, 89, 149 
examination of, 95 
external, 85 
inlets for, 90 
internal, 85 
natural, 89 
of drains, 289 
of factories, 104 
of mines, 113 
of schools, 619 
of sewers, 299 
-Outlets for, 92 
plenum, 94 
systems of, 88 
vacuum system of, 92 
Ventilators, 91 
Vermicelli, 204 
Vicia sativa, 209 
Vie Moyenne, 680 
Village sanitation, 637 
Vinegar, 252, 435 
Vital layer, 47 

statistics, 658 
Vitamins, 166 

and Pasteurisation, 233 
classification of, 167 
in milk, 229 

W 

Walls of houses, 147 
Warm bath, 345 
climate, 381 
Wash-down closety 283 


Wash-out closet, 283 
Washing, disinfection by, 494 ^ 
Washington Lyon Disinfector, 475 
Water, 14 

action on lead, 35 
aerated, 244 
bacteriology of, 68 
chemical examination of, 65 
chestnut, 215 

chlorination of, 42, 58, 555 
cocoanut, 247 
collection of, 29 
constant supply of, 30 
decentralised storage of, 30 
disease due to, 35 
distillation of, 38 
distribution of, 29 
examination of, 64 
iiltration of, 48 
fleas, 450 
ground, 16, 137 
hardness of, 39, 66 
impurities of, 31 
intermittent supply of, 30 
iodoform taste of, 59 • 

mineral, 244 

natural purification of, 37 
physical examination of, 65 
purification of, 37 
quantity required, 14 
rain, 15 
reaction of, 65 
smell of, 65 
softening of, 39 
soil, 137 
sources of, 15 
standard of purity, 51 
sterilisation of, 38, 555 
storage of, 30 

decentralised, 30 
subsoil, 16, 137 
supply of, 30 
surface, 16, 26 
taste of, 65 
test for drains, 293 
total solids in, 68 
up-land surface, 26 
Water-borne diseases, general pro 
phylaxis of, 647 
Water-carriage system, 280 
Water-closet, 150, 281 
in schools, 616 
parts of, 282 
requirements of, 281 
types, 285 
varieties of, 282 
Water-seal, 291 
Water-supply, constant, 30 
intermittent, 30 
in fairs, 652 
in houses, 150 
in schools, 616 
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Water-supply, in villages, 639 
Watery vapour, 76 
Weather, 382 
map, 389 
Weathering, 131 

Wfeii's di^4se, 558 

Welfare, maternitv and child, 624 

Wells, 18 

Well, Ab^sinian, 19 

area drained by, 20 
artesian, 19 
cleansing of, 22 
closed, 24 
deep, 19 

detection of pollution, 20 
examination of, 21 
in villages, 639 
outercasing, 25 
priv^^ 265 

quantity of water in, 21 
requirements of, 21 
shallow, 18 

sources of pollution, 20 
step, 451, 639 
tube, 23 
varieties of, 18 
yield of, 21 

Wet bulb hygrometer, 395 
Wheelburrows, 258 
Wheat, 201 
atta, 201 
Whey, 241 
Whisky, 248 
White damp, 113 
Wind, as ventilating agent, 89 
movement of, 389 


Windows, 90, 149 • 
double sash, 91 
Wines, 249 
Wool, 349 

dangerous, 598 
disinfection of, 600 
Wool-sorter’s disease, 599 
Workshops, cleanliness of, 105 
lighting of, 104 
* ventilation of, 104 
Worm, guinea, 450 
hook, 452 
round, 446 
tape, 444 
thread, 447 

Wuchereria bancrofti, 448 

X 

Xenopsylla aatia, 426 

bra/iliensis, 426^_ 
chcopis, 426 
Xerophthalmia, 167, 183 

Y 

Yeast, 168 

Yellow fever, 405, 523 

oxide of mercury, 435 
Yield of a spring, 18 
of a well, 21 

Z 

Zeolite, 39, 133 
Zero desk, 619 
Zinc, 36 

Zoogleal mass, 47 
Zygote, 507 
Zyklon-B, 487 
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